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BOOKS 

These are the masters who instruct us 
without rods and ferules, 
without hard word and anger, 
without clothes or money. 

If you approach them they are not asleep; 
if investigating you interrogate them 
they conceal nothing; 
if you mistake them, they never grumble; 
if you are ignorant they cannot laugh at you. 

The library of wisdom, therefore, 
is more precious than all riches, 
and nothing that can be wished for 
is worthy to be compared with it. 

Who.soe\an‘, therefore, acknowledges himself 
to be a zealous follower 
of truth, of happiness, 
of wisdom, of science, 
or even of faith, 
must of necessity make himself 
a lover of books. 

— Ricul-irb i)E Buhy, ^^Philobiblon/^ 
(Written in 1344, first published in 1474), 
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PREFACE 


The literature of chemistry is probably more adequately 
classified, more thoroughly indexed, and more eonsisteiit in 
terminology than that of any other science. Yet location of 
chemical information beyond the purely obvious is not easy. 
Success depends largely upon knowing where to look and what to 
seek. Critical judgment is also an important element because 
the mere fact that one finds a statement “in print is no guaranty 
of its validity. Furthermore the problem, is not becoming simpler 
as time passes. One of the great barriers is the increasing 
volume of literature. The American Chemical Society now 
spends about two hundred thousand dollars annually just to ; 
summarise and index the fifteen hundred books, forty thousand 
articles, and twenty thousand patents of chemical interest that 
are published every twelve months. Incidentally the flood is ! 
rising at the rate of some six per cent a year, which means that 
the figures cited will be doubled before 1950. 

After wrestling with the problem of finding chemical data 
for over a decade, I have become convinced of the value of 
training in library technique, i.e., acquisition of skill in the use ^ 
of bibliographical tools, especially those peculiar to the field of 
chemistry. This book has been prepared in order to make my | 
point as concrete as possible. i 

The text is primarily a guide to the use of keys and summaries. ^ | 
In this respect it is unlike the few other books dealing with 
chemical literature because they are mainly concerned with the 
cataloging of source materials. I have started with the arrange- I 
ment of a library and its directories, intentionally neglecting I 
problems of the librarian, to emphasize those of the chemist. ! 
Next there is a section dealing with sources of biographical data, j 
It is followed by a discussion of periodicals and the reading of j 
original reports. Their initial summaries appear in abstract | 



use of author and subjeet indexes, Tlie sueeccMliiig idiapter is 
devoted to the produet of the soeoud eoriderisatutu. reviews 
and annual reports, whii‘b is folh:>weci by a Hurv<.^y of eiieyelo- 
pedias and dictionaries. Tlie next^ four units ciint ain rruilerial 
on textbooks divided into tlie ira>Tiveii!ionaJ groups: iiiorgarnfe 
organic, anal^dleal, and physical. .Af1:er thp-^.e cduipters ' 
sections on patent literature and govern iiieiit |ni.blieado!.is in 
general The closing division includes iiiat'erial on rc^port wiiting 
and the filing of notes. 

The bibliography in almost every chapter is siitidivideil ac*r‘orrb 
ing to subject and arranged chronologiiciily or aJpluiliel icaJh^' 
according to author. 'No attempt has been rnade !.o |ire|)arp a. 
complete list or to mention only tJie “ best books in any division. 
My object has been rather to indicate tlie variety of rcd'erenee 
material available; limice the absence, of a title is no inipiica'i'iim 
of imworthiiiess. Generally textbooks of an elvineidary i.m.ture 
have not been mentioned. Furfhennorts linoks fiiibiisln'd 
January. 1937, as well as tliose printed in laiigu.agcs' *:n:!,ier rhan 
English, Frenclp. or German, Itave reccivia.! slight eonsi(,iera,iioin 
The book lists marked /Mleferences'' at t.la* emi of certidri Si»c«‘ 
tions ■ comprise tlie sources chiefl^r used in asseiid:>!iiig nm'iorial 
for tlie cha|,.)t{U* coiiceriied. 

Tliis Gtnde was first prepared fr>r .rny seniors- n.n.d 

graduates s}:>eciali?5ing in ciamiisfa'y at tlie University of 
Their necais and, helpful taitieisni of two iii,iruei>grap-!ied. ralilions 
have tended io determi.ne tlie scope of the i-exb elimim,it.e sotiw^' 
faults,’ and improve the part;S found most .useful 1 am also 
indebted to many : friends for: helpful suggestions. . Two' ■well- 
known books on the siibje-ct, Crane and ■Patl.ersoirs “ .Uterataire 
of Chemistry'^ and Mellon's “C'lMuidcal , Publicaticiiisv' ■ 
been used constantly and others have been consulted freipien fly. 
Permission was, obtained from the Li,brary of Congress to use the 
“unit card^^ shown in the. second chapter, from the of 

and Ih'ofessor -M:. GvM:e!li;»n to use 'I'ab'le 2tl 
which has liecn brought ilown to dale. W'irimiil aid from variums 
librarians 1. would .have been- unablr^ to o!d'.a.in. some ' of t.:!ie 
material on patmds, parihmlaiiy Table 47. To \iice 

Hanison of our own sta-ff I am r^speciaily inih4)b"*d for hiauiy coop- 


PREFACE 


IX 


A number of technical problems have arisen during the com- 
pilation of this text. Recognized authorities have been followed 
whenever available. In other cases I have tried to adhere to 
one alternative for the sake of uniformity. The title page, for 
example, is assumed to be the official source of information about 
a book. I have so considered it, in spite of the fact that in 
some instances the publisher specified is no longer in business. 
Although tliis may inconvenience a prospective buyer, I feel that 
information regarding the present source of supply can be 
obtained readily from the various catalogs or any good book 
dealer. 

In the text many words will be found with their first letter 
undeiiiiied. The purpose of this special marking is to indicate 
the word under which a searcher must look in catalogs or indexes 
for the material being discussed, e.g., government publications 
about British patents will be found under Great Britain in all 
librai\y catalogs arranged according to accepted rules. 

If in any particular case my choice of subject matter ap|)ears 
unwise, if I have omitted anything deemed essential, or if errors 
are found, I trust that the reader will feel sufficiently friendly to 
inform me and tlius help to improve future editions, for only with 
Biicdi aid can I hope to make this book of maximum usefulness to 
all chemists. 

B. A, Soule. 

Ann Aeboe, Michigan, 

January^ 193S. 
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use of author and subject indexes. The sueceedinii: chapter is 
devoted to the product of the second eoiKlensatioii, vi^.. revnncs 
and annual reports, which is followed by a siirve}” of encyrdo- 
pedias and dictionaries. The next four units contain nmtmni 
on textbooks divided into the conventional grou|>s: inr)rganic, 
organic, analytical, and physical After them dmpU^m are 
sections on patent literature and goveriiinent puldicatioiiH in 
general The closing division includes material on report writing 
and the filing of notes. 

The bibliography in almost every chapter is subdivided amcmh 
ing to subject and arranged chronolcigically or alpliabfdicnlhv 
according to author. No attempt has been made to |,>repaJ*e a 
complete list or to mention only the ^d:)est books in any division. 
My object has been rather to indicate the variety of referern'c* 
material available; hence the absence of a title is no ii:n|:?licatiorj 
of unworthiness. Generally textbooks of an elementary oaiiire 
have not been mentioned. Furtliermore, books |)itl>li8!m(I sii:H*e 
January, 1937, as well as those printed in languages other ilian 
English, French, or German, have received sliglit <s:)iiside'rtoit»m 
The book lists marked ^Gleferences’' at the end of ('ertain 
tions ' comprise the sources cinefly used in a;sseinl,)liiig rrtaJ.orin! 
for the chapter concerned. 

This Guide was first prepared for iny studf‘iits, seniors and 
graduates specializing in chemistry at the University Mielngain 
Their needs and helpful criticism of tw(::r miinecigniphefl edilions 
have tended to determine the scope of the text, eiiminate somo 
faults, and improve the parts found most usr^ful I am 
indebted to many friends for helpful suggesfioms. Tu‘o witJI- 
known books on the subject, Crane and J^atfcivtars 'diloralurr 
of Chemistry'^ and Melloirs ^‘Chemical Publications.'’' lave* 
been used constantly and others have been consulted frc^ciueitiiy. 
Permission was obtained from the Library of Congress to me ihr* 
''unit card” shown in the second chapter, from tlie Jimmid of 
Chemical Education and Professor M. G. Mellon to use TaWc 2(1 
which has been brought down to date. Without aid frotu vari^ 
hbrarians I would have been unable to obtain some of tiio 
material on patents, |xartieula,rly TaW 47. To Miss Aiicfv 
Harrison of our own staff I am especially indebted for li(‘uii y H 

eration and for assistance in gathering data for the inanusrriid. 
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LIBRAEY GUIDE 
FOR THE CHEMIST 


THE ARRANGEMENT OF A LIBRARY 

The first great principle in learning to use a library is 
to acquire the knack of saving iimeJ^ W.W. Bishop 

A library is a storehouse for printed information. It is 
also a public utility attempting to provide its varied clientele 
with such intellectual fare as may be desired. The two functions 
give risc^ to certain major problems. First, how can books be 
stored so that each one will be readily available when needed? 
Second, what record or inventory should be kept of the volumes 
and their contents? Third, how are the possible solutions for 
each problem restricted by the patrons^ needs and capabilities? 
Answers have been formulated and procedures developed 
during many years devoted to the consideration of all readers, 
not any one group or class. Furthermore, some of the rules 
formulated by librarians have been adopted by indexers and 
others who prepare the keys to literature. Corivsequently, 
only to the extent that the chemist understandvS current practice 
will he be able to use a library effectively and expeditiously. 
The following brief explanation will suffice for ordinary work. 
Details will be found in the various books mentioned at the end 
of this chapter. 

CLASSIFICATION 

Possibly the simplest way to take care of books would be 
to pile them up as received. Another method slightly more 
laborious would be to arrange thein on shelves according to 
autlior, title, or publisher. None of these procedures is entirely 
satisfactory because too many people go to a library for informa-* 
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tion about a topic. ■Only advanced j>tridenls ■ biiTiiliar with 
reference books would raise a questiciii such as d^^^s 

Stoughton say about the meiting point of iron?'' or '‘How did 
Fischer prepare osazones?^^ In other woi'ds inciuisit^ive 
who turn to a library for hel|:> seldom, kiaiw tlie a'litlair, titJe, or 
publislier of the book that will answer their questions. ,Bef*aiise 
of this situation' librarians have grouped l)ooks a.<,‘eorf.ling to 
content, i.e., brought together on tin* shelves all inatc^riai ilealing 
with the same subject. Furtliermrmq relat<‘d subjeet iriatier 
has been placed near by, thus suggesting a.ddit.ioi'iaI scirirees oi’ 
information. This process is called ''c'lassifieatioiid " 

Dewey Decimal system 

Practically all librarians in the Unitc^d St^ates and many 
in other countries arrange books aeeord,ing to a. 'systcmi 'ealled 
the ''Dewey DecimaF^ classification. This divides all literature 
into ten classes, each class into ten divisions, ea.cli di\/isic,ni i,'!'.u:o 
ten sections, and eaeli section into ten sul)st,s'tions (1’alde I ). 
When needed, additional subdivisions are used. \\'here\ii* 
the system has been adoi)ted a new l,H.>ok may be assigned n^tniily ■ 
to its (’lass, division, etc., and plaml uitli <dher material on tiie 
same subject. Obviously in oiTier to do this someone must 
read enough of tine book to ascertaiti its nature, then mark it in 
a way that will reveal its cjontcuit and insure* corn*et plataunenl 
on the shelf not only the first time l)Ul also wheui’vm* subset 
quently remo\aH:L This could 1 :h^ (huu* for ti certain boidv hy 
pasting on the cover a statement such as "Tins is a book on 
natural science. It deals with elannistry, es|)ecialiy I hi* micro- 
scopic identification of inorganic eornpoundsd' The chemisf. 
Avedded as he is to tlie use of a few symbols for the puriiosi^ of 
CQXwejing much information, -will immediately a|:)pn*(‘ia,le tin* 
scheme adopted by De-wey for accomplishing the saim* objei-ti^'i*. 

Dewey arbitrarily selected ten classes so he could assign a 
digit to each. He did the same for the divisions and sfvtions. 
He then ruled that the figure denoting a edass should occupy the 
hundreds place, that representing a division ilu* tens |>lace, and 
a section the units place. If needl’d, a mon* detaih*d (‘lassilication 
'Would be shown by means of decimals, c.i/., a digit in tiaiths 

^This discussion is too cursory to consid(*r the tliillcuhies of classifiers. 


Table 1. — Outline op Dewey Decimal Clasbib’ication 
Classes Divisions of fSeetions of Subsections of 

Class »5 Division 4 Section 4 

0 General Works 
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tion about a' topic. Only advaw'od fandliar witJj 

reference books would raise a (|iH:‘stion mvh as does 

Stougliton say about the iiielting point, of iron?'' oi'^ 'VH'ow d.if:l 
Fischer prepare osa^ones?” In oilier words inquisitive |:ieo|:>l<:^ 
who turn to a library for help seldom tlie aiitlior. title, or 

publisher of the. book that will answer their questions. B»a:^aiise 
of this situation librarians havc-^ grcHi|,)ed I')i:io!vs mmyrdmg tu 
content, i.e., brought togetla^r on the slieha^s all inaleriaJ (boding 
with the same subject. Furthermore, re}at(‘d matter 

has been placed near by, thus Miggesliiig adiiitiona! sources of 
information. This i.>rooess is called 'Bdassihcat ion/" 

Dewey Decimal system 

. Practically all librarians' in the IJnite(,l Statues .and i.iiany 
in other countries arrange books a<M*ording to a, system eallcHi 
the Dewey Decimar’ elassificatioiL Tliis divides all Iit(vratiir (3 
into ten classes, each class into t(.‘n d.ivisioi.is, eaelj dii'dsioii into 
ten sections, and each section into ten subsections (luible 1). 
When need(M.l, additional subdivisions an^ used, W'heo'v^a’ 
the system has lieen adopbM:! a new hook may bo assignoil readily^ 
to its class, division, etc,, and plnctnl wilh othi'r inaioria! an iho 
same subject. Obviously in (wder to do this sonaHMie 
read enough of the book to ascertain its nature, tlien mark it ii! 
a ’way that will reveal its content and insure cornai |)iac<nneni 
on the shelf not only the first time but also whmnu-or >'ubso» 
quently removed. This could bt^ done for a (a‘rt‘dn book liv 
pasting on. the , cover.' a statement' such as “This' is a bor^k on 
natural science. It deals' with chemistiy, especially the miem-. 
scopic identification of inorgtinii? com|)ouinls/‘ ('inauist, 

wedded as he is to the use, of a few symb^jls for t!m purjuKst* 
conveying inueli information, will inimedialely appreciate tfie 
scheme adopted by Dewey for accomplishing the saim^ oiijiH‘ti\’e. 

Dewey arbitrarily selected ten classes so hc^ could tissign a 
digit to each. He did the same for the divisions and sections. 
He then ruled that the figure denoting a thiss should occupy tlie 
hundreds place, that representing a division the tens phurg ami 
a section the units place. If needed, a more cletailcf ! t*lassificatioii 
tvould be shown by means of decimals, rjj,, n digit in tenths 

^ This disensskm is too cursory to consider tht^ difiicnltics uf clfu^siticrs. 
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Tablb, 2.— Bomb Dewey Decimal Theie. SiiiXi.FtcA.K^!E 


A. Pure Chemistry (Al:)ridged) 


540 

C h a m i s t r y ( 'P u r e 
Clieinicai Teali- 
noiogy is 660) 

.3 

Diction arias 

. 5 

PfU'ioclieals 

541 

Theoretical and pliys- 
ical elnnnistiy 

.2 

Atomic tlieory 

.3 

Physical clieinist'r>' 

.35 

Photoehamistry 

.36 

Tliermochemistry 

.37 

Electrochemistry 

542 

Experimentation 

.1 

Laboratories 

.2 

Apparatus and 
manipulation 

.3 

h'leasiiring appa- 

ratus 

.4 

Heating Distillation 

..7 

Gas manipulation 
cf. 544.4, 545.7 

543 

Analysis General works 
covering both 
qualitative and 
<1 u a n t i t a t i v e 
■ analysis 

A 

' AnalysivS of food {ind 
drink 

’ a: 

■ Amdysis of drugs 
and medicine 

M 

■ ’.Analysis of rocks 
and ores 

..7 

Analysis of inor- 
ganic products in 
general 

.8 

Analysis of organic 
products in gen- 
eral 

544 

Qualitative analysis 

.1 

Wet methods 

11 

Reagents 

.12 

Detection of cab 


ions 


544. 13 

f>f tin- 

.4 

Chis ttnaJy^i^T 

Ji 

Speciruin tuifdyc4s 
cf. .535, 8'l 

,.S 

]Micr*i^^ropic extuni- 
Bti,! ion 

o4>> ■ 

QnantlUitAVi> 

.1 

Gravi!net.ric 

. .2 

Vokiiiietiic 

.3 

Ek'ct roHietric ■ 

’.S 

O % li e r in e i li o il s 
C o 1 o r i in e '!:• r i c 
I'Vdiiri mi*?, ric 
fractoino! ric 

546 

Inorganic ebernistry 

.1 

Non-mettik 

.12 

If a, logon groiifi 

.13 

Cbh'rrine ■ 

.14 

Brondiic 

.2 

Oxvgcii .gron|;> 

.3 

: M'erals ■ 

.31 

Alkali groji|» 

.4 

Alkaliwo earf hs 

Jl ■ 

Ruro otirilis " 

.7 

'Iroii group 

547 

' Organic chemistry' 

, .2 

Hydrocarbons ■ ■ Alb 
plmtrn ■' 

: .21 

■ Furaflwm . 

' .25 

Aroma! ICS ■ ' 

.26 

, Benzene 

.3. 

Alcohols .phenols 
(siihdivkled'like 
547.2): 

.5 ■ 

Aldehyrles 

.6 '■ 

lYoiones' 

.7, ■ 

Acids Acid, anhy- ; 

. drkfe) : 

. .8':. ■ 

/Hiiro dcriva.! ives : 

,.9: ^ 

Goinpmiiidni.’;. witli ' 
metals ■: - ' 
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B. Eelated Subjects 


016.54 

Bibliography of chem- 
istry 

026.54 

Chemistry libraries 

310 

Statistics 

371.66 

Scientific apparatus 
Lalioratory equip- 
ment and supplies 

389 

Weights and measures 

500 

Pure science in general 

510 

Mathematics 

530 

Physics 

532 

Liquids 

533 

Gases 

535 

Light Optics 

,84 

Spectroscopes and 
spectrum analy- 
sis 

.85 

Photography cf, 
770 “ 

536 

Heat 

537.85 

Bllectro-nietallurgy 

550 

Geology 

551.94 

Geochemistry 

552.8 

Microscopic pe- 
trography 

553.1 

Ore deposits 

.3 

Ores of iron 

.4 

Ores of metals 
other than iron 

.6 

Earthy economic 
minerals 

.7 

Alineral waters 

577.1 

Properties of living 
matter, chemical 

578 

Alicroscopy 

581.192 

Chemical composition 
of plants 

600 

Useful arts Applied 
science 

605 

Periodicals 

608 

Patents Inventions 

612.015 

Physiological chem- 
'.'istry:' 

.12 

Chemical properties 
of blood 

614 

Public health 


614.341 Fermented bever- 

ages 

. 35 Inspection of drugs 

.355 Poisonous cosmetics 

.37 Inspection of pig- 
ments, wail- and 

other papers, tex- 

tiles 

. 484 Chemical disinfec- 

tants 

.72 Air pollution by 

noxious gases 

.831 Manufacture and 

storage of explo- 
sives and combus- 
tibles 

.845 Chemical fire ex- 

tinguishers 

615 Materia medica and 

therapeutics 

.7 Medicines 

grouped by 
effects 

.9 Toxicology 

616. 076 Pathological chem- 

istry Urine analy- 
sis 

628 . 5 Industrial sanitation 

630.24 Agricultural chemistry 

631.8 Fertilizers 

633.8 Perfumes 

634.986 Saps 

,9862 Naval stores 

637 Dairy and dairj^ prod- 

nets 

641 . 1 Food chemically con- 

sidered 

660 Chemical technology 

669 Metallurgy and assay- 

ing 

691 Materials Presei’vative 

processes 

.7 Anti-rust processes 

751 painting materials and 

methods 

770 Photography 


A 
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LI BEAKY 'guide FOR THE GHEMIHT : 

■ place referring to a siibseetion.^' In this wa-v Im”* llif-* |>o>sil;ile 
three figure eombiiiations to re|)reseMt nine huiieirod ninety- 
nine subjects. Adding the first ileciina! |>la.ee inr*reaseil the 
number by nine thousand. The iH‘xt piace gives nine! y t lirnisand 
more, an ample number for any library of avera,gi‘ siH^e. 

'With reference to thr^ exani|'>Ie cifcal it is iioav obvitvus from 
Table 1 that the subjetd ‘'micniscojnc it!c*iitifa*ation of iiiorguiiic. 
compounds can he indi<*ated by the Jdewc^y '.Decimal nofid ion, 
the code number being 544.8, obtained as follows: 


Class. Natural Seicnec. 5........... _ 

Division ..... Cheinist ry ; 4-'- . 

■ Seetkm. . Qualitative Analysis. ‘'I , 

Subsection... , AIicn)seop'}c Eva ruination . .8 

Summary. ........... 544 . S 


This number placed on a copy of Cliarnot and Masords '' I llomfui- 
tary Chemical Mieroseop3"'’ would cornfrleteht t'lassih^ tJie book, 
indicating its contents and location on slielf, i,e.. }>eynnd all 
books bearing a lower' and ahead of all eariying a higlnrr numbiw 
(cf. Cutter number); 

The sy’^stem is in use fur journal articles us well as bi>oks (see 
Chemiscdi Weekblad). It is aiset rea<li!y udupfubb^ to personal 
notes (cf.' 'p., .275). Everyone active in resiutrclf wrtrk soon 
accumulates man^^ data and references to the literature of his 
field. If tln.w are to be available wheat wanted, the vurimis 
items must he arrangta} in soim* ordca\ As sium us this stage is 
reached tlie wmrker should carefully consider the we!l~com 
iStructed keyt^ alread}^ availahJe l)(4bre attempting ile\ise a 
ne^v one for himself. .Depending upon tfa^ extent of the .siibjee*! 
matter included the entire Dewa.w sv^stem ndght be uscal, or a, 
small part of the outline, such as that on chemistry, could be 
expanded to meet his needs. A study of the scheme hum B2 1 .884 
to 621.385 will show’ how this lias knai done to take car{‘ of eMuy 
detail in the literature on radio commnni(*atioii and apparatus. 
The plan given is possilily’' too derailed for ordinary use, but it 
serves to illustrate the potentialities of the syslem. Incidentally 
the De\yey '^Rclativ Index'' should be xvty useful in any catse, 

1 The decimal point is used for the satrap purpose us n i‘tuumu in ortliuuiy^ 
Bwmbors: to aid the (yein reading. 
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TEE AERANGBMMNT OF A LIBRARY 

It is an alphabetical arrangement of subject headings giving the ; 
assigned Dewey Decimal numbers and cross references to related 
headings under which relevant information might be filed. ' 

Brussels system 

The system used by the Brussels Institute for classifying the 
literature of the world in the minutest manner is essentially 
the Dewey arrangement carried one or more decimal places 
further to provide at least a million additional subdivisions. 

It is especially valuable to research workers as a basis for assem- 
bling a bibliography without setting up their own modifications. 

Library of Congress system 

The Library of Congress system was devised solely for the 
Congressional Library at Washington, hence is especially devel- 
oped along the lines of United States history, government, and i 
geography. Although the scheme is still unfinished, about j 
twenty classes (see Table 3) have been established and more 
or less completely developed. The symbols used are primarily , 
the letters of the alphabet which represent classes. A second | 
letter indicates a particular dmsion within each class (see ! 
Table 3 B). Further sectioning is obtained by resorting to I 
numbers, four figures being the maximum employed at present. 

To revert to the example used on p. 6, Chamot and Mason 1 
book 'vvould eaiTy the code number QH 221.^ 

Cutter numbers 

If a library has more than one book on a particular subject 
all will bear the same classification number, but all cannot 
occupy the same space on the library vshelf. Consequently a 
precedence indicator-'is used. It is called a “ Gutter'^ or /^author 
number and is based upon the authors name. The first part 
is the first letter of the author name. This is followed by a 

^ Microscopy is here classed as a special subdivision of Natural Histor 3 ^ 

The writer believes that a niore logical number would be QD 88, since 
blanks have been left between QD 87 and QD 95 apparently for special 
jdiases of qualitative analysis. 

^ For a detailed discussion of “book luniibers” see Miss Mann’s book 
referred to on p. 23. 
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Tablb 3.* — Some Libkaht of Conokess Kiimbeh^ ani> Theik Skikifioance 


A. Classes in the L.C. System 
A General works — Pol}'- 

gniphy 

B Philosophy^— Religion 
0 History— Auxiliary 

Seienees 

D History and Topograpliy 
(except America) 

E-~F America 

G Geographj^ — Anthropology 

H Social Scieiiees 
J Political Science 
K Law 

B. Divisions of Class Q, Science 
Q Science (general) 

QA Alatheniatics 
QB Astronomy 
QC Physics 
QD Cbeinistrx' 

QE Geology ‘ 

C. Pure Chemistry, Class QD (Abrldgeci) 
QD 1 Periodicals 

4 Encyclopedias 

5 Dictionaries 

11 History (general) 

21 Biography of (jhemists, 

collective 

22 Biography of chemists, 

individual 

61 Laboratory tradmhiue 
(general) 

75 Analytical {* hen dstry 
(general works) 

81 Qualitative analysis 
, (treatises) 

101 Quantitative analysis 
111 Voliimetnc analysis 
115 Electroly tic analysis 
121 Gas anabasis 
131 Technical analysis 
151 Inorganic chemistry 
(treatises) 

161 Non-metals 
171 Metals (general) 

181 Metals (special topii^s) 

251 Organic chemistry 


L Ediic‘ati*:>n 

M Mime 
N Fine ArtK 
P Ij:i,ngu;ige and 
Q ' Scienci' 

11 Medicine 
8 Agriculture 

T Technolog^v 
\J Aliiiiary Siueiiee 
V ' Naval Bcieiice 
2t Bihliognii'fliy LibiTiiy 

Science 

QH Nat:,n'ral History 
■Q1:V Bota,i:'{y 
C-il.* Z«>o.]ogy 

■QAt Human Anat-orriy 
QP Physitdi:)gy 

QE Bacteriology 

258 Operations in.organif* 
chemistry 

2B1 'Lala'initeuy irmriuaJs 
262 Organic, sy 111 
271 ■ Organic ainilysis. 

301 Jditfy 'compounds dili- 
|>!iatics. in general). 
'305' ' SpccialgrrHips(alpha-' 
|■1etically). ■ 

331 An»n't.atiima:;un|'aai,ii:i4 ; 
■' Cgeneral) 

341 ■B|mruulgrc:u:tpsc/alpl'ii:i«, 

. ■ ; beticallyj t ■ ■ 

■ 453 Physical and- theoretical 
■ cliendstry (geii'enil) 
511 Thermo-cheinislry 
541 Theory of solution':' , ' 

/ (general)' , 

, 553 ' Eleetfo-chemistry / .' 
601 Plnuo-chtunislry 
1105 (lrYstallogra,|>li3^' :■ 

931 Physiciil of 

/' crystals 

■■/,// .951 ,C}M‘iu,ieal crystal-..^./ 
lography 
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D. Related Subjects 


BF 

1630-9 

Alchemy 

CT 

9440 

Biography of chemists 

GO 

101 

Sea water — Physical and chemical properties 

HA 


Statistics 

LB 

1648 

Chemistry in high schools 


2365 

Higher education — Special subjects 

QA 


Matliematics 

QB 

875 

Stellar spectroscopy 

QC 


Physics 


171-220 

Constitution and properties of matter 


252-338 

Heat 


451-495 

Spectroscopy 

QE 

351-399 

Mineralogy 

QH 

201-277 

Alicroscopy 

QK 

861-809 

Chemical bota..ny 

QP 

501-801 

Physiological chemistry 

EA 


State medicine Hygiene 


430 

Sanitary chemistry 


576-578 

Air pollution 


602 

Foods 


766 

Special disinfectants 


778 

Cosmetics 


1195-1228 

Toxicology 


1230-1231 

Inorganic poisons 


1235-1242 

Organic poisons 

EB 


Pathology 


37 

Laboratory methods 


40 

Chemical examination 

RS 

403-431 

Aledical and pharmaceutical chemistry 

S ' 

5S3-58S 

Agricultural chemistry 

T 

201-379 

Patents 

TD 

380-387' 

Examination and analysis of water 

TN 

3S0 

General mining and smelting companies 


400-409 

Iron mining 


600-799 

Metallurgy 

TP 


Chemical technology 

TE 


Photography 

TS 


Manufactures 

IIF 

860 

Alilit ary explosives and pyrotechnics 

UG 

447 

Chemical warfare: gas and flame 

Z 

5521-5526 

Subject bibliography Chemistry 


number, the latter assigned by reference to “ Cutter’s Alfabetic- 
order Table.” A sample of this work is shown in Table 4. 
Using this portion to illustrate the system, assume that Daborn, 
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Faber, and Feldner have eaeli writleii a lioek nii ra-gaiiie 
The three books will eany the saiiie {‘lassilM'atioa iiumber. but 
the Cutter numbers will l)e Dllo, Fllu, ami re>^pet,i.ively, 

and the volumes will be shelved in the order of these on ni tiers. 



Tabli 

3 4.*™“A. 'POBTION OF Cll 

ui:TElt 

A Alva K mil 


T.,\pfu 


Da 

111 

Fa 

Dao 

211 

Fane 

l':F,:*e 

311 

Feit. ■■ 

Dabi 

112 

Fab 

Da|j 

212 

'Fairi 

1 )f'er 

31.2 

Ft‘ld 

Dabl 

113 

Fabb 

]3ar 

213 

Faici 

|F‘f 

313 

164 1 

Dabii 

114 

Fahe 

Dare 

214 

■ Faiit> 

Defi> 

314 


Dabo 

115 

Faber 

Daid 

215 

Fans 

,l)c»foi 

* 315 

Felin 

Dabr 

116 

Faberi 

Dardo 

216 

Fant 

Dcfr 

316 

Fe1i.x. 

Dac 

117 

Fabert 

Dare 

217 

.Fan to 

a-g 

317 

Fell 

Daci 

118 

Fal>i 

Dari 

21B 

Fantu 

i:teg! 

318 

Fell e 

Dacr 

119 

Fabil 

Dark 

219 

Far 

Dego 

aie 

Fell! 


Call numbers 

A call number eonsists of two |;>arts: the elassifieatiori iiurnber 
and the Cutter number. The funeiir>ns of the eall iiiiniber 
are to reveal tlu^ suldeet of the book, to show where if shuiild be 
placed on th{‘ shelv(‘s, to act as a conm^cting link frouj tin* d»>srri|e 
tion in'tlie catalog to the' book in the, stacks, a.,rui to aid in n‘|>kuo 
ing the volume whenever removed from the simif. 

Shelf list 

' In all up-to-date Hilaries an inventory is k«:*pt of the book:s 
on hand. This record is trH‘huica!!y called a shelf 11 

usually consists ,of a - set of cards arranged (^‘xact,iy in tin* order 
of the books on the shelves. Eaelrcard slKiwsthe call mi in her, 
author, and title of tlie liotik that it repre>enis. In addilion, 
folhnving eaidi card listing a perioriical or set of btmks issued 
serially, there is a .^Ttoldings eard'^ showing the volumes or 
issues of that series available. 

References • 

Sayees, W.C.B., ‘‘ A Manual of Glassificatioiu.” Ctrafteii and Go,, London, 
1926h^ ■ 

Dewey, Melyil, “Definial Clasdfieat i(ui and Hclafiv fmlcx,’’ toroi 
Press, Lake Placid Ciuh, ,N. Y., 1932, Thirlecnf h (niemtuial) taJii ion revist^d 
and enlarged by Dorkas Foilous, idiiov; Mynm W. acOdndl, ussoeiaJe 
editor, .■■■ 
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“Classification dtkumalo xiniverselle,” Institut, International de Biblioe- 
raphio, Brussels, 4 voL, 1927-34. 

U.S. Library of Congress, “Classification, Outline Scheme,” “Class Q, 
Science,” “Class T, Technology,” Government Printing Office, Washington. 
Other book.s in this group are available, but these three are considered the 

most important for chemists. 




THE CARD CATALOG 


“For most inquiries reaching beyond the stage of the 
■merely obvious^ it \the card catalog] is a most complicated 
insti'iiment requiring great skill and long practice in the 
searcher. . , . Catalogs are complex because people and 
books are complexJ^ W.W. Bishop 

After a book has been classified and shelved, the librarian 
faces the problem of erecting adequate signposts directing the 
inquirer to a desired volume or, more often, to a particular item 
of information. If the guides mention only authors, they may 
be of little help. If titles alone are used they frequently will 
be valueless or positively misleading. Who, unfamiliar with the 
book, can tell the nature of Chapin^s '^Second Year College 
Chemistry ^''?~"“Satisfaetory pilots must be a%^ailable, therefore, 
to steer the searcher directly to the book containing desired 
information on the topic being investigated and to suggest 
other pertinent sources. This is the primary purpose of the 
card catalog. It may possess many other features, but essentially 
it is a directory, a divining rod for the location of information. 
Auewed as a tool the usefulness of a catalog depends upon two 
factors: the quality of its construction and the skill of the 
searcher. In order to determine the former one must have some 
notion of the raw iiiateriaLs and guiding principles involved. 
These are briMy discussed in this chapter. The profieieney 
of the operator depends upon his understanding of the com*- 
plexity of the catalog and his practical experience in its use. 

CATALOG CARDS 

Data on cards 

The card catalog, as its name implies, is a card index. It 
contains at least two, iisiially three or nm cards for every 
book in the library. These cards are placed in different parts 

13 
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‘‘For most inquiries reaching beyond the stage of the 
merely obvious, it [the card catalog] is a most complicated 
instrunmit requiring great skill and long practice in the 
searcher, , . , Catalogs are complex because people and 
books are complex W.W. Bishop 

After a book has been classified and shelved, the librarian 
faces the problem of erecting adequate signposts directing the 
inquirer to a desired volume or, more often, to a particular item 
of information. If the guides mention only authors, they may 
be of little help. If titles alone are used they frequently will 
be valueless or positively misleading. Who, unfamiliar with the 
book, can tell the nature of Chapin^s “Second Year College 
Chemistry^'? — Satisfactory pilots must be available, therefore, 
to steer the searcher directly to the book containing desired 
information on tlie topic being investigated and to suggest 
other pertinent sources. This is the primary purpose of the 
card catalog. It may possess many other features, but essentially 
it is a directory, a divining rod for the location of information. 
Viewed as a tool the usefulness of a catalog depends upon two 
factors: the quality of its construction and the sldll of the 
searcher. In order to detennine the former one must have some 
notion of the raw materials and guiding principles involved. 
These are brMfly discussed in this chapter. The proficiency 
of the operator depends upon his understanding of the com- 
plexity of the catalog and his practical experience in its use. 

CATALOG CAEBS 

Data on cards 

The card catalog, as its name implies, is a card index. It 
contains at least two, usually three or more, cards for every 
book in the library. These cards are placed in different parts 
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i-^l- 

of the eollection a reniilt of its alphabetieal arra.itgcaiieii!., Ivut 
all carry essentially^ tlie same dat^a as iiidJeati^d in J^lg. i. 

Technically tlie items on a card an? iliviclr^d .into si:*^ g;i'oii|rs as 
follows: 


L .Cai] number Inserted hy the local li!u7'4T¥. NotO' the L.Cl -tjjii 

Dowcy Deciuial siigge^.|,.ions ■ of tJ‘H3 f,j|' 

Conp,Tess priiiO'd at tfi‘^ I tot tf on. o-ieo's to 

impart uniformity in libro.rie,j^ using L.ll ejir-fis 

2. Author His real name in full with I:}irtl4 ami ileaili, duties. 

The latter serve as the best means of iileniiliealion. 

3. Title in full as it. apix^ars cm tfln:*- fea.ge. Ir-i 

the aut heir’s name ami the a.n:‘ irmlmic'd 

4. Imprint The pulilisher’s nanie,, adclressj ami da.f.e of 

tion. 



Hevesy, Gtorg: von, 18S5- 

... Gheiiiicai analysis by X-rays and its a|i*j,.dieat.i«:>ns. Im 
<}eorg von Hevesy. ... New Yerk^ hoiHlon. l^lc’OrawTIill. 
book company, jne., 1932. 

^ 7 I?. 1., a/t'i i>. incl. Uibk'S. front., diagrs. 1.1. Mil.) 

^ 0«argti i'iaa«:?r Bu-ker aonrifstaKat liSJCutesMiEn in ekiijmistrs' at 
CorneU imivmity, jv. lOj) 

Bilrllcgraiaiieal fo(?t-notea* 

Co?s'i*i;KTS.--..IiitTodin:'tory ks’ture; The ate of tfet« mtlh , — AnfsJjMis hf 
n'iean» t>f X-rays.-^-Tlie Uisedvory aiiifl oaf IjafaSnat.,— Tlio cheisr- 

leal oonnK^sitiou of tlie ysirfh yiut tUc cosmk almmlaatie vif tke ekaaaita. 

_ 1. 'X-rayH. 2. SsKS'trmn analysk, Z. ttafalwn. 

B. Earthi-Age. i» Title. 


Library of Congress 
Copyright A B340S 


O 


QCIRl,Mr> 


Flu. 1. — An 'author or .main entry 'eard prepared from an LT*. “uah' * 



5. 'Coilatioii.'. . , ... . The data 'specify iug the' volmwis, .pages, 

tious,. plates, luaps, ami. oilim’ mufiuial ecuistiniiitig 

t he l iook 

6. Notes — ... . . , . (u)These mention the series tirle if the book is nun i.>f a 

series, (h) call at.teiithm to any bilfliogra pineal 
data, '(c) give the contents briefly or so detailed 
that every idmpter or suldecd- is listed, (d) iiiclieate 
other headmgB under which the hook slumhi be 
" Altered, (y) suggest elassifieatkm numbers, ■i/'l 
state the L.G. order iiutnlKu* for the c*ard 


Usually cards carry the first four divisions contpiei(> if Ihf’se 
data are available; the sixtli section may be entirely laekinfi;. 
It is to be expeeded, of (!ours(i, that practice^ will vary in (lifTertmt 
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libraries. Considerable uniformity, however, is being attained 
nowadays through the use of the L.C. printed cards.i 

Kinds of cards 

As .stated on p. 13, two or more eopiOvS of each catalog card 
are entered for every book po.s.se.ssed. An author, or main entry, 
card is filed under the author’s real name (Fig. 1 illustrates 
an author card). A subject card is placed under the subject 
heading that most preci.sely describes the content of the book:^ 

537.53 X-rays 

HbS „ ^ 

Hevesy, Georg von, 1885- 

... Chemical analysis by X-rays and its applications, by 
Georg von Hevesy ... New York, London, McGraw-Hill 
book company, inc., 1982. 

Fig. 2.“*~Upper part of a subject card. The subject is typed in red or black. 

e.g.. Fig. 2 shows the top of the subject card for Heresy’s “Chemi-* 
cal Analysis by X-rajns. ...” There might also be cards 
under the headings listed in 6d of Fig. 1. A title card* is entered 
under the first significant word of the title not an article (see 
Fig. 3). In addition to author, subject, and title entries the 
catalog will contain scries and refereme cards (the latter are 

^ Two copies of every bdok granted a United States copyright are depos- 
ited in the Library of Congress, Gatalog cards for all books acquired are 
prepared and printed lor use in that library. Anyone desiring copies of 
such cards may purchase them for a nominal sum. In addition to this 
service the Card Bi vision will assemble and sell '^all cards on a particular 
subject. AIsOj arrangements can be made whereby the cards in a special 
field, printed during the month, will be sent to a subscriber at the end of 
that period. For example, if the preparation of a bibliography on organic 
chemistry is contemplated the Card Division will furnish all cards thus tar 
accumulated and keep the collection up to date by monthly additions. For 
further details see the references at the end of this chapter. 

2 The librarian and chemist may not agree on this point. Gross reference 
cards are placed in the catalog to help the chemist ascertain the librarian’s 
decision, e.g., frequently Avorks on ceramics, keramics, and porcelain are all 
entered under “Pottery.’’ 

3 The present tendency is to omit title cards especially when the title is 
not distinctive or descriptive. 



It) 


LIBUARY GUIDE FOB THE UMFM'iFT 


frequently called see'' and ''see :a!.so" eards). Thesi^ ji\a;‘ 
groups, plus the necessary guide ca.rds, eo'io|irisr» tiie dirc*etoi:y 
to a libraiy which theoretically iriakes it posj^ihle' fi#r anyone lo 
find any iiiformatiou desired if eitlier tiie -autJ.iiu% f.iiha or suldect 
is known. ■ Practieallys however, many iiiffirailfir^‘S Jirise becaii^^e 
no librarian, can anticipate tlie needs, of evfa'y patron and no 
ordinary catalog can contain a refercjice to every iimn oi infirrina- 
tioii in each book possessed.- .EealiiKirig the sitiiatifin, eafiilogm^s 
have adopted certain rules of pravtict% an i.indcrstaiK,!iiig of 
which will often help one to find a parthmlar book in a mifiimuin 


537#55- Chemical ' analysis by x-rays 
H5S . Hevesy, Georg V 0 R, 1885- 

... Chemical iuialjsis by X-rays and its applicntians, by 
'Oeorg voix Hevesy ... .New Yorkj London, McGraw-Hill, 
book company, ine., 1032. 

.Fio. 3. — Upper part of a title card. The ?y|'>ed fitio is in blark, , 

of time. The,se nilp.«, compiled l»y cummiltcr'.'- nf f lu* AmoHcait 
Library Association, The (British) library Associutinn, and 
othens eminent in the library world. afltaii|!f to answer sncii 
questions as, Who shall be considered an authm-? How shall 
cards be arranged? Etc. A brief .stimmary foilow.s. 

Authors 

In the catalog all of the following are con.shlercd anflmns, 
and a card will be found enti'red under I'neh appropriate mtme: 
the author, a joint author, the editor, the eompih-r, a corporate 
body. Whenever two or more {)er.sons liave ♦•ollalrorated in 
writing a book the one whose name apjiears first on the title 
pageis termed the “author,” “main author,” or “senior author”; 
all others are called “joint authors.” A card Is ])laced in the 
catalog under each name, joint authors being so designated. 
When the wmrk of three or more authors has biam guided and 
supplemented by another lie is called the “edil«>r.'’ and the 
resulting book is entered luuler his name ('raylor’s “ 'i'rtait iso on 
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Physical Chemistry^O- If the work is analyzed a card will 
be found under the name of each individual author and each 
subject. Certain periodicals have added entries’" under the 
name of the editor as well as the oflScial title (Sillinian’s ^yournal 
of Science/’ Crookes’ 'XUieinical News”). Cyclopedias and 
dictionaries are entered under the editor’s name unless decidedly 
better known by their titles (Thorpe’s Dictionary of Applied 
Chemistry”). On the other hand, a series is entered under 
its title unless univensally known by the name of the editor or 
publisher. Festschrifteii and similar collections published by 
a society or institution in honor of a person or celebrating an 
anniversary are usually found under the name of the society or 
institution with an additional card under the title. They may 
also be entered under the \vord Festschrift. 

A compiler is one who gathers and arranges the work of others 
(Landolt-Bornstein’s Physikalisch-chemische T a b e 1 1 e n ’ ’ ) . 
Unless it lias becoma essentially a new book, a translation or a 
revision is entered under the name of the original author with 
an additional card under the name of the tranvslator or reviser 
(Daniel’s revision of Getinan’s '^Outline of Theoretical Chemis- 
try”). Societies, institutions, and certain other organizations 
are included in the term ^yoi’porate body” and as such they are 
considered to be authors of their official publications. The 
main entry for a journal published by a society is under the first 
'word, not an article, of its corporate name (Journal of the 
American Chemical Society; The London, Edinburgh and 
Dublin Philosophical Magazine and Journal of Science). There 
may also be a card under the name of the place where the society’s 
headquarters are established.^ The main entry for a govern- 
ment publication is under the name of the country. Great 

^ A technical term, used to indicate that entries have been made for parts 
of the book; e.g., there is a separate card for each essay in Thorpe^s "^Essays 
on Historical Chemistry 

2 The problem of where to look in tlie catalog for the card referring to a 
chemical journal often may be solved by first getting the correct title from 
the '‘List of Periodicals abstracted by Chemical Abstracts. The latest 
edition was published in November, 1936. 
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Britain would be the proper heading under whieh to look for 
material on British patents, ^lited States Bur(»:iii of Standards 
is the main entry for all official publit-ations of that bureaiL 
Another card may be entered under the actual autlior of a 
sufficiently important bulletin. 

Subjects 

A card catalog is, in one sense, a subject index to tlie informa- 
tion in a library. How detailed the index should be dep(mdH 
primarily upon the function of the library. For a 
reference collection used chiefly by experts whose time is rmluabh?, 
tlie catalog miglxt well contain a card for each item of .subject 
matter in every book of the as.seml>lage. If, for example, a 
chemist is interested in the iodometrie determination of arsfuiif? 
he should expect to find in the speciali5!;ed <*atalog, under one 
lieading, a reference to every discussion of the subject in the 
library, and there should be enough cross-n'fiu’cncf^ tcirds to 
guide him directly to that heading from any rtciscmalde (‘xpn^ssinu 
of the idea that he might put into words. I hi) 

subject headings should be in the technical terms common to 
his special field. 

The other extreme, perhaps, miglit be n^ixresrmted hy the 
average public library having about a dozen l>fudvs mi f'lieinistry. 
There the catalog should contain only one sulijcH't entry: (Chem- 
istry — few if any eims reffimaKHt cards, b(H.‘aiise any patron 
of that library would be interested only in the bncnler aspe^ets of 
the subject. His needs would be amply si*rved !>y t he mio cut ry. 

Somewhere between special referenct^ anti gfUicral pulflit^ 
libraries is that of the imiversity catering both to resoiircli 
workers and to students just starting acadeirnc work. This 
wide diversity of interest makes doul:>!y diffictilt the task of 
selecting subject entries that will be suitalde for tlie genera! 
catalog and at the same time useful in a .specialized departmental 
library. It necessarily shifts to the shoulders of the .specialist 
the responsibility for carrying his ideas ba(‘k from their sp(*cifi{» 
phrasing to the general terms selected liy the <»titaloger. BiHatuse 
this type of catalog is tlm one most freipumtly used by the 
chemist a few of the guiding principles in tlu^ seltMdion of subject 
headings should be understood* 
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The determination of arsenic by nse of standardized iodine is 
obviously a specific application of iodometry which, in turn, is a 
part of volumetric analysis. Tips belongs to the field of analyti- 
cal chemistry. Arrangementinrever.se order gives: 

Chemistry 
i\jialytical chemistry 
Quantitative analysis 
Volumetric analysis 
Iodometry 
Determination of As 

In the type of library under consideration the cataloger has 
at lea.<5t two choice.s; entry under the main heading or entry 
under a subheading, e.g., the fourth, as.suming that anyone 
desiring data on iodometric methods should know that they 
might be found in a book on volumetric analysis. A card catalog, 
however, is arranged strictly alpTiabetically. Hence, con.sidering 
the first three headings a.s they stand, “Chemistry” would be 
filed under C, “Analytical chemistry” under A, and “quantita- 
tive analysts ” under Q. Inverting the second and third headings 
gives a series that will alphabet under the main subject: 

Cliamistiy 
Chemistry, ABalytic 

Chemistry, Aiuilytic — Quantitative 

Such iin expedient brings together all cards on every phase 
of eheinistry. If the library has a number of books on a particu- 
lar subtopic tlie cataloger will probably enter them directly 
under that heading and not under the main heading. Con- 
sequently when the catalog is being used to locate information 
on the iodometric determination of arsenic either of two pro- 
cedures may be adopted: (a) Start with the most specific heading 
(Iodometry) and work up to the more general, or (b) first find 
the guide card ^'Chemistry/’ then beyond that Chemistry, 
Analytic,^’ and so on down to the most specific one in the catalog 
that covers the desired subject. Synonymous terms and varia- 
tions in word order must also be considered. 

Although many other cases can be handled in a siniilait way, it 
must not be inferred that inversion is always employed. Books 
on electrochemistry are filed under the letter E, the heading 
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“Gastric Juice appears under etc* Certain other points 
are also worth noting^ among thrun the following: 

■ a. One of the primary objectives is to i^atalog a l.H'iok umier 
whatever heading it may reasonably be souglit, 'l>e(a.irisf? of 
cost and other factors the librarians consider it iinprjicrtical to 
enter many subject cards for one book. 

6 . Analytics in a large library will usually Im liinited to mono- 
graphs in a series. .Note that tliis does not a|>|:>Iy to tfic liighl^^ 
specialized reference library where frcaiuentiy two or tliree 
hundred cards are entered for a single volume. 

c. A subject heading must fit the indiv idual liook, but the 
word or phrase used must stand for a subject, not for .one l:)ook. 

d. Headings are subdivided l:>,y subject (s(i 3 arsei:iic ex:imple) 
and by fornix e.g., “'Chemistry,: Dictionaries •“ not “ Diiuioiiaries, 
C.hemiBt.ry.^' Subjects may be subdividcHl gei)g]nplnca,l!y, e.g., 
“D^ms and D3^0ing, France.^’ 

e. Common terms are preferred. Of tl:,i0 s^nmiivuns Poisons “ 
and “Toxicology ’' the former would lx* used. 

/. Combined terms are used when the subjerts are so cdostd}^ 
related that they are ordinarily^ discussed togciher (“ l),yes and 
Dyming"). 

g. Suitable “see'^ and “see aiso'^ cards will be found in 
appropriate places, but as a general rule* the siaindier is not 
referred from a smaller to a larger siil>ject: e.g., pnJiably no 
refereiiee card will ba foiOKl from “ \'uluitM‘inc anaiy^sis" to 
“GheraisUy, AnalytiedP ^ ^ 

Fiiurlly, the seareh^e^^ approacii tin* f%‘Palog kjiowing 

what he wants to find and having his idea expri»ei! in the words 
used by the cataloger. The catalog is (‘omph^x bet‘a,use hcajks 
are complex not because the librarian wants to cojn*eai t}ic*m. 

Arrangement of cards 

The order of cards in a dictionary catalog is stri<*tlv" alphabeti- 
cal.^ This rule causes no confusion when app!i{*d to sui)]ect 
cards unless one ignores the likelihood of iuvc*rsion. fju the 
latter case a cross refenmee will usually soha* the* probhuin 

^Tiib will vary slijj^htly in (UiUwit liliraricH depending mi tin? loeal pvne- 
tke when a word eau be used to iiidieute a person, pluee, suhjiuU, fornu cr 
title. Other variations are also nientioned hy Culti*r (Bihiiograpi^y, p. 23). 
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Title cards are filed under the first significant word not an article. 
Frequently the cataloger will ignore iion-distinctive words 
at the beginning; e,g., “An Improved Victor-Meyer Apparatus” 
is shortened by omitting the first two words, but “The Structure 
of the Arc-spectrum of Zirconium” is decreased to “Arc-spectrum 
of Zirconium.” 

A careful di.stinction is made regarding a periodical. If 
it i.s the Journal (Berichte, Proceedings, Bulletin . . . ) of a 
society or institution the entry is under the corporate name of 
that organization. When the title does not include a corporate 
name the entry i,s under the first word of the title excluding 
articles (see Table 5). 

Table 5.-— Periodical Cards Difficult to Locate in the Library 

Cat.vlog 

Noth."— T he following journai titles are entered under the word italicized. Frequently 
the catalog: will contain a "see” card from the name ordinarily used. 

Aimalen or Liebigs Amialeii. /wsto Liebigs Amialen ... 

Berichte der Deutschen cheinischen Gesellsuhaft 
British Chemical Abstracts 
Bulletin de la sociiU cliimique de France 
Chemisch Weekblad 

Cheinistry and Industry. Society of Gheniical Industry 

Gomptes rendus. , . . A mt'e des sciences 

Fortschrittc der Cheniie, Physik und physikalischeii Chemle 

Journal of the American Chemical Society 

Journal of Chemical Education 

Joimiiil of the Cfwmical Eoiii&ty' (Jjondon) 

Journal of the Institute 

Journal of the O^jAfcaFSoeiety of America 
Journal of .Physical Chemistry 
/tTarmil Itir 

Journal of the Society of Chemical Industry 

Philosophical Magazine. Edinburgh and Dublin . . . 

Proceedings of the Royal Society (London) 

Eeciieil des travaux chimiquCvS des Pays-Bas 

The Review of Scientific Instruments 

Transactions of the (Ainerican) F^cc^foctemcaZ Society 

Transactions of the Faraday Society 

Transactions of the i^oyai Society (London) 

A^^eftsc/n^fLflu’ analytische Chemie 

Zeitschrift ftu’ physiologisehe Chemie. /foype--;Sfcyfcr 

Author arid joinf uMitlior cards may be considered in four 
groups: (1) names that obviously can be filed in but one place, 
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(2) English names the order of wliicdi must l:>a deidcled arhit^rnrily, 

(3) foreign names involving prefixeSj and {4} foreign names 
requiring transliteration. 

The first division . needs no further eonsideration. TIk^ 
second includes: 

а. Names l)egini:iing with M.\ or Mac ail of wlucli are 
arranged as if written Mac. 

б. Names beginning with St, or Ste. are arnuig^M as if spcdled 
out. 

c. Englisli surnames haviiig prefixes are arranged under the 
prefix regardless of tlie derivation of the name (I^:? Land, Van 
Buren). 

cL Entries involving titled ,|)eiHons a,.re filed under tit'le 
(Lord Kelvin, not William Thom}>M)nl 

6. Cards for married women are arranged under t.he latest 
name or that better known (Marie Curie, Patiline Beer^' I^laek). 

Foreign names involving pn-^fixes are sliglilly trout >Ii‘some. 
French and Belgian surnames are filed uni!f‘r I la* prefix wiien it 
is, or contains, an article (La, Le, L% Du, Des); under word 
following, when the prefix is a' preposition . (de, d'). For all 
other foreign languages the ijaiiH*s art* filed under thf' Wiml 
following the prefix (van Eijii, von Wifunarn, lad f'f. Von Oet- 
tirigen). German iiarnes containing umlaut ed lelters (ii, d, u) 
and Danivsh names ccmtainiiig 0 are arranged us though an e 
followed the marked letter (Bcitfger preca^des Boft*rf: Brijnsted 
precedes Brogley), 

Russian arid otheitnames that must undergo (raiisliteration urc^ 
arranged under the ^rinost familiar’’ form. This ciften eausc*s 
iinemdainty, especially when tlie Gcuana.il form 1ms iK‘en widely 
used and an English version is also popular (Tsc^hugaeff vs. 
Chugaev; Mendelyeev, Mendelieff, Mendelev, Mendelejeff, 
Mendeijeff, and Meiideleef have all Ireen used to tlesigoate the 
Russian scientist famcms for his periodic table). 

The problem of locating personal names is not c*onfimnl to the 
library catalog, for, as pnniously stated, the catalog is 1)ut om* 
form of an index. Hence, whenever any aufiior index is to he* 
consulted its arrangement should studictl. One should ht^si- 
tate to say that a name has not la^en enten^d until eveuy possible 
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place has been searched; the spelling, and even the name itself, 
verified. 
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ashed how he had done so much in his short life, 

Abel [eminent niathematician, 1802-18291 replied, 
studying the niasters not the pupilsd* E,T. Bell 

Chemical literature is the record of man’s achievements-— 
his positive results and theories. Since the product is limited 
by the capacity of the producer to conduct dependable experi- 
ments and draw rational conclusions, it behooves those who would 
make use of previous findings to become acquainted with the 
masters and their methods. Almost any good book on the 
history of chemistry wdll serve as a starting point. Perhaps 
some of the collective biographies might furnish more details 
but would not be so satisfactory for perspective. After a general 
notion of the various movements and their exponents has been 
accpiired, biographies of the individuals identified with a particu- 
lar field of interest might next be considered. Finally, the 
adepts of today should not be neglected. 

Sources of information to be consulted will depend upon the 
nature of the question. Historical background can be obtained 
from Meyer, Moore-Hall, or Venable (see p. 26 ). Collections 
of biographies range all the way from Michaud’s ^^Biographie 
Universelle” to the popular one-volume Who’s Who ” of today. 
Individual biographies appear in book form and scattered 
through the periodical literature. It is obvious, therefore, that 
a search for data concerning any scientist may be short or long 
depending upon the individual and the details required. Gener- 
ally the task is simplified if dates of birth and death are knowm, 
beeaiise biographical sources may be divided into tw’-o groups: 
those dealing only with dead people and those considering living 
or recently deceased persons. Given also the nationality and 
eminence of a man, the direction of the search is very definitely 
indicated. With nothing but the name, and that possibly 
incorrect, the first step may well be to consult the card catalog. 
If a biogra|)hy is found it may prove adequate or give references 

2b 
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to other information. Slioiild an anthrjr entry^ !a‘ discovered 
it will probably furnish the author *s dates and. tdio yaair in ^vhifdi 
. the book was published. If nothing is Ibund 'tiie order of sub- 
sequent steps might be to consiilt: 

' a. Poggeiidorff (sea p. 2S for det'aiied referi>iiia:‘). 

6, Various dicd:.i(:niaih^s of naliumd, biogra|)hy.. 
e. Boltoii^s ^‘Sel(H*t Bibliography'’ bSeatiun 4j* 
d. American Men of Seimuan” 

6. ^‘Minerva'' or '^Mndex Generalisd’ 
f: ^^Europa.” 

f/. Who^s Who’’ for indi\ddual countries. 

li. Membership lists of the various (diemieal societies. 

At best, data regarding a living cdiemkt will be, meager Uiiless 
tlie man has held an important i;>asition cu* been the :reei|:>ieiit of a 
well-known prisse. In difficult cases it may be necess^iry to 
search the various journaJs using such headings as Bifrgra|)Iiy, 
Obituaiy, .Necrology, or the prop(a’ equi^’ahuu in nther lai:iguag(‘s. 
Additional suggestiojis null be found in tlie following soiddon. 

BIBIIOGEAPHY 

History 

■ Misybh, E.¥. (trans. by McGowan), "' A Histiay of Clicmistry,'' 
The Macmillan Go., New Ym‘k, 3d English ed. from ilie 3d. 
Geianan with additions, 1906, Highly coinmendciL 
MooHn-HAUL, , ^'A Histojy of ' Chemistiyd' M,cGraw-lii!l 
Book 'Co., NewdYork, 2d ed., IbSl . MvceJfeid (exf, 

,■ Venablk, F.P., .^^A Short History of Chemistry,'' JXCk Heath 
& Co., Boston, 2d ed,, 1922. Vmy brief. 

Collective biography 

Btjoge (ed,), '"'D-as Buch der. grossen Chemiker,'': Verlag' 
Chemie, Berlin, 1929- 

VoL I. Zosinius to Sehonbeki, 

VoL II. Liebig to Arrlienius. 

Ghehical Society (London), “Memorial laaduresCV Guniey 
and Jackson, London, 

“DojMisii.ory Catalog'’ is of gr{’!aU*r scrvii’o in this roNpoft, htM^auso 
an effort is made to include ail authors whether or not; iln^ hwal lilintry has 
a book by the person in question. 
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VoLL 1893-1900. 

Bunsen Kekule Meyer, V. 

Friedel Kopp Nilson 

Helmholtz; Marignac Pasteur 

Hofmann Meyer, L, Stas 

VoL 11. 1901-1913. 

Becquerel Gibbs, Wolcott Moissan 

Berthelot van^t Hoff Rammelsberg 

Cannizzaro Ladenburg Raoult 

Cleve Mendelieff Thomsen 

Wislecinus 

VoL III 1914-1932. 

Arrhenius Fischer, E. Richards 

Baeyer Onnes van der Waals 

Wallach 

Harrow, ^‘ Eminent Chemists of Our Time,” D. Van Nostrand 
Co., New York, 2d ed., 1927. 

Arrhenius Mendelieff Ramsay 

Curie, Marie S. Moissan Remsen 

Fischer, E. Meyer, V. Richards 

vaiPt Hoff Perkin 

Holmy.AlRd, ‘‘The Great Chemists,” Methuen & Co., London, 
3ded., 1929. 

Arrhenius Davy Mendelieff 

Avogadro Jabir Paracelsus 

Bacon Kekuld Pasteur 

Boyle Lavoisier Priestley 

Dalton Liebig Ramsay 

Stahl 

Jaffb, ‘‘Crucibles,” Newton Publishing Co., New York, 3d 
printing, 1932. 

Arrhenius Curie, Mme, Moseley 

Avogadro Dalton Paracelsus 

Beeher Langmuir, I. Priestley 

Berzelius Lavoisier Thompson 

Cavendish Mendelieff Trevisan 

W5hler 

Lknard (trans. by Hatfield), “Great Men of Science,” The 
Macmillan Co., New York, 1933. These biographies vary in 
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length from less than one to over twent^y pages. The eliernists 
discussed include: 

Berzelius Dalton Klaproth 

Black Davy Priestley 

Bunsen Faraday Ilunifortl. CJoiint 

Cavendisli Gay-Lussac 8(*hrele 

Crookes Kelviii, Lord 

OsTWAL'D, Wilhelm, ^‘Grosse Manner/^ Akademisclie Ver- 
lagsgesellsehaft, Leipzig, 5th ed., 1919, 

Davy Liebig Mayer 

Faraday Gerhardt 

Thobpe, “Essays in Historical Chemistry/' The Mnemiiiaii 
Co., New York, 1902, 

Boyle . Faraday ALmdelieff 

Cannizzaro Grabaiii Meyvr, W 

Cavendisli Kopp ' Ihiesiley 

Durnas Lavoisier Seheeh' 

Tildek, “Famous Cheinists, tlie Men and Thidr Work," 
G. Routledge and Sons, London, 1921. 

Avogadro Dalton Liebig 

Berzelius Davy Meniieliffl' 

Bla(L Diiinas Priestley 

Boyle Faraday Proust 

Cannizzaro Fraiikland Ramsay 

Cavendish . Gay-Lussac S(*hei*le 

Crookes-' Lavoisier Wiliiamson, 

POQOENBOHFP, “ Biographiselidit era,risc*he.s liaiidwruierlund) 

. . . J.A.' Barth, laapzig,' recent viAmnes by Verlag Chemie, 

Berlin. 

VoL I and II . . * down to 1857 
III . . .1858-83^ 

■ ■ IV '. . .1884-1904 
V / . '. '1904-22 
VI". . . 1923-31 

This is one of the best source.^ for infoniiation about the life 
and work of scientists of all times and in all c*omitri(‘s. The most 
important feature is the (complete bi}>liogra|)hy accompanying 
each biography (ef. Kurkula, p. 31), 

Orro, Paui., “Tecdinischerlaten^atinLalender/^ R. Ghienbourg, 
Muuich, 3d ed., 1929. A dictionary of German scientists. 
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It nidudes brief biographies and bibliographies. There is a 

subject index arranged alphabetically according to fields' of 
concentration. ui 

“Mnerva. Tahrbuch der gelehrten Welt/’ Walter de Gniyter 
^ Kurkula and Trubner (cf. Kurkula 

p. 31), this work includes concise information about the univer- 
•sities, learned societies, museums, etc., of the world The 
arrangemeid. is alphabetical by name of town, giving under each 
the educatmnal institutions located there together with data 
regarding si.e, name of each principal officer and staff member 
pub icatioim, etc There is an index of personal names. The 

r? ^ 1891-1914, thereafter irregularly 
(1926, 1J2S, IJoO). In 1933 two dimsions were established: (1) 
UmversitieSj (2) Societies. ^ ^ 

Paris, 17 Rue Soufflot, 
.. mi ^ Ihe direction of R. de Montessus de 

Balloitn 1 he first part i.s devoted to data regarding universities 
and other .schools of higher education all over the world It 
gives their main departments and eminent professors Idie 
.secmid part lists tlie ob.servatories, libraries, scientific institute.s 
national aca<leniie.s, and learned societies of the world. Fre- 
quently the text is in the language of the country concerned. ' 

1 OLTON, H.C., Select Bibliography of Chemistry,” The 
bmithsoniaii IiLstitiition, Washington, 1893-1904, Section 4 
on “Biography” covens tlie period 1492-1900. As the title 
indieate.s, a inbliography of biographical material is given, not 
the biographies themselves. 


Who’s Who’s 


There are two major group: one dealing with people active in 
a limited field, e.g., scientists; the other concerned with all 
celebrities in a particular geographical area. Only a few of the 
latter are mentioned here. 

Cattell and Cattbll, “American Men of Science,” Science 
Press, New York, 5th ed., 1933. (A revision is issued every 
6 yeans.) lh('re are about 22,000 biographies in this edition. 
Attention is directed to the starred name, s and the significance 
of the .star as discussed iu the appendix of this and earlier 
issues.. 
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Haynes (ed.), ‘^Chemical Who's Who/' The Haynes & 
George Co., New Haven, Conn., 1937. The first iniition, 
published in 1931, was entitled Who's Who in the Cheiiiical 
and Drug Industries.'’^ Contains over 5500 biograitldes arranged 
alphabetically. It i>s indexed by eompanir\s and by dtk^s. 
Anyone seeking an industrial position shoidfi havr* a c‘ 0 |>y of 
this hook because it includes ‘hill our claanical leaders- exe- 
cutives in offices, plants and laboratories, tcidinicians, consultants 
and educators.'' Supplementary entries will lie found in 
Chemical Industries, for 1937. 

Misni, ^^Gli Scienriati Italiani , . . Nordeechia, Rome, 
1921-3. Has been somewhat slow in appearing. 

Mahqtjis, ^'Who’s Who in America/' A.N. Marquis Co., 
Chicago. Issued biennially, it contains biograplueal data and a 
bibliography in case of an author. '^All people ineiitioned are 
selected by a competent committee.'' 

‘international Wlio’s Who," Eiiropa Publicatioris, London, 
1935. This book is intended to siippiemcmt, not rc|fla{H*, tlie 
various national forms of ‘‘ Who's Who.'' Only a few chmuists 
are included. 

“Europa," Europa Publications, Liunion, :l93J -“ , VoL IL 

Biography. Tins claims to be the most coiii|irt‘hensive work of 
the “Who's Who" type, covering eoijtinental Europe and tin* 
British Isles. It is revised and brought up to every 2 
months. 

■■ “Who's Who," The Macmillan Co., Hew York (American 
agency). Issued annually and covers Britisli c<*fehriti(ss. ft 
is the pioneer of the gr0ux> and probably thi> nicrst iinportaiit 
member. 

“ Who Was Who," a: & C. Black, London, 1929. A com- 
panioii to the British “Who's Who" containing the biographies 
of those who died between 1916 and 1928. 

“ Wer Ist's?" Herman Degener, Berlin. Piiblishval irregularly. 
It includes German/ Aastrian, and Swiss notables. The cntri<\s 
are^ thought by some people to be difficult to rc*ad het*ause of the 
number of abbreviations. These an' explained at the beginning. 
The arrangement should also be noteni. 

“ Qui 6tcs vou>s?" Huffy, Paris. ihiblisluHl annually since 1908, 
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“Chi £?” Stet, Rome, 2d ed., 1931. 

“Blaa Bog,” Kraks legal, Copenhagen, 1936. 

General sources 

Thom.’VS, “Universal Pronouncing Dictionary of Biography 
. . . J.B. Lippincott Co., Philadelphia, 5th ed., 1930. This 
book is usually called “Lippincott’s Biographical Dictionary.” 
It includes people of all nations and times. 

Hy.vmson, “Dictionary of Universal Biography of All Ages 
and of All People.?,” E.P. Dutton & Co., New York, 1916. 

Mich.vud, “Biographie universelle,” Mme. C. Desplaces, Paris, 
1843-65, 45 vols. Although over 60 years old this is one of the 
most valuable of all large compilations. The title page gives its 
scope: “An alphabetical history of the public and private life of 
all men who were remarkable for their writing, action, talents, 
virtue.?, or crimes.” 

“Dictionary of American Biography,” Charles Scribner’s 
Sons, New York, 1928-36, 20 vols. A supplementary volume 
is to be i.s.sued every 10 years. There are over 13,500 bio- 
graphies, but no living person is included. 

Stephen and Lee (ed.), “ Dictionary of National Biography,” 
Smith Elder and Co., London, Vol. 63 published in 1900, 3d 
.supplement issued dui'ing the period 1912-21. This is the be.st 
reference work for English biography in general. Living persons 
are not considered. There is an epitome of the set which was 
published in London by the Oxford University Press in 1930. 

Balte.itj, Rastoul and Peevost (ed.), “Dictionnaire de bio- 
graphie frangaise,” Letouzey, Paris, 1929- . A’s unfinished 

in 1936. Promises to be very fine. 

Historical Commission op the Imperial Academy, “Allgeme- 
ine Deutsche Biographie,” Duncker and Humblot, Leipzig, 1875- 
1912, 56 vols. Nachtrage bring the period covered down to 
1900. When using this source first consult the general index in 
Vol. 56. 

Euekula, “Allgemeine deutschen Hochschulen- Almanack,” 
Vienna, 1888. Bibliographies of all living professors and 
teachers in German and Austrian universities and tecbiical 
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school^?. It forms, in part, a supiilement to Poggeoclorf! {('f. 
Minerva). 

Prize winners 

The various awards and lists of their reei|:)ieiits liave been 
compiled by James A, Funkbouser and p-ui:>lishefi in IntLEng. 
Chem., News Ed. 14, 123-464 (1936). Speeific page references 
are given in Table 6. 


Tabx-e 6.— Honoeary Awards 


Award 

Fiivt 

bestir^AMl 

..list of' 
reiipient s 

A.A.A.S. Fme 

1923--4 ' 

344' 

Acheson Aledai. .... - . 

102fl 

416 

A.G.S. Award 

1931 

430 

Ain.Inst.Cbein.Aiedai. 

1926 

416 

Chaiidler Lectiuv. 

1»14 

2S0 

Coime Medal 

!'.)33 

.MS 

Ebert. Prize. : 

1S74 

123 

Franklin IMtniaL 

:i91d 

302 

Gildhs Aledal. . ' 

1911 ' 

269 

Grasselli AIihImI. 

192(1 

339 

llertv Minliil . 

1993 

464 

Hillebrand Prize. 

1926 i 

374 

Memlel Medal.................... 

1929 

4:30 

Mcmdieml Medal. 

1922, 1 

344 

NifFols Medal 

1993 i 

i 201 ■ 

Nobel Prize t .............. . 

'4991 

182 

Osborne Medal. . . . .... . . . . . ..... . j 

1928 ^ i 

410 

Perkin Medal. , . .. ,1 

IIMI6 1 

: 226 ■' 

Pittslnirgh Award. ............... . i 

1933 ' ^ i 

464 

Friestley IMedal ! 

■ 1923. . 1 

i'. ' 374 V 

Eeinington Aledal ! 

1919 

'■ 330 

Eicliards Aledal. i 

1930 

i 430 - 

Schoellkopf Medal i 

1931 

1 ^ 44S 

Soc.Chem.Ind.Medal I 

1933 

r . 448 




* The RumberB in this column uro page references t<.> the lists pu!»lb!icd in TmLEmf.CheM., 
Nmm Ed., %4^ (IdSij). < 

fThe ofliciul iuinuui report of each year’s uctiviti<\s is pithlih'hed under the title '‘"hm pd\ 
Nobel en 10 P.A. Norstedt and Botis, Stockliolin. It contHitm a hiographicul sketch i>t 
each recipient, his portrait and presentation speech, the latter tnunprii^ing a aunimnry of tin* 
work for which the pri^e wan granted. {This tsel of hooka in eiiteriuh in soint* lilu'ary card 
catalogs, under the w'ord Nobelstiftelaen.) 
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Portraits ■ 

Killeffek, “Eminent American Chemists,” D.H. Killeffer, 
New York, 1924. Contains portraits and brief notes. 

Weeks, Mary Elvira, “The Discovery of the Elements,” 
Mack Printing Co., Easton, Pa., 3d ed., 1936. Many portraits 
and brief biographies are given. 

Science Service, Washington, has portraits of many scientists 
for sale. The same is true of the English firm Suclding & Co., 
13 Garrick St., Covent Garden, London, W.C.2. 

Browne (ed.), “A Half Century of Chemistry in America 
. . . ,” in the Golden Jubilee number of the American Chemical 
Society i.s.sued Aug. 20, 1926, as No. 8A of the J.Am.Cheni.Soc. 
This issue contains the portrait of every president down to the 
date of publication. 

Industrial ami Engineering Chemistry, News Edition, has 
published many portraits cliiefly of men active in this country. 

Miscellaneous 

American Association for the Advancement of Science, 
“Directory of Members.” The 1934 issue includes all members 
from June, 1929, to June, 1934— about 23,000 names. In 
connection with each are given the person’s degrees, position, 
address, etc. 

American Chemical Society, “Directory.” It has been 
revised to June 1, 1935, to include a list of past presidents, 
various clfEsses of members, and their geographical distribution. 
A list of the honorary members of this society with brief bio- 
graphical notes win be found in Ind.Eng.Chem., News Ed., 12, 
23-6 (1934). 

German Chemical Society, “Mitglieder-Verzeichnis.” Is- 
sued shortly after Jan. 1 each year. The Hofmann Festschrift r 
of this society [Ber. 61 (1918)] contains a list of eminent chemists 
whose epoch-making papers were published in this journal. 

Each year the Journal of the Chemical Society, Berichte, 
and other journals publish a number of good biographies. 
ImUrstrial leaders have been considered in Chemical Industries 
since March, 193f5. 
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“ By reading the old jo iirnah ive come in contact with the 
■masters of experinientaHon and of reasoning who have gone 
before . . . They laid the foundations of the scieiice of to--day 
and they have much to teach us as to methods of thinking 
and working. ... 

If ive are to add to human knowledge we must know 
exactly how far that knovAedge has gone^ at least to the 
point tmere we are to do the addmg: ive must find the end of 
a rope before we can splice a piece onto itfi 

E.E. Rbid, ‘^Introduetion to Organic Research” 

Iinowledge is of two kinds: experience and hearsay. The 
latter is divisible into that part fixed in the mind and that 
available as literature, Ac,, the recorded experience of others, or 
‘^permanent memory of mari.’^ No one knows the number of 
books devoted to chemistry, but a conservative estimate would 
place tlie figure at well over 50,000 volumes^ Obviously, with 
unlimited a(*c(*HS to all libraries the fraction of published informa- 
tion that one person can assimilate is very small. This is, 
however, no deterrent to chemically minded authors who are 
responsible anniially for three to four hundred new books and 
about forty thousand articles, the latter being distributed among 
twenty-eight hundred journals. Huge as this volume may seem, 
it is essential that every research worker glean from it the 
advances in his special field and the trend of chemistry in general. 
The penalties for neglect of this obligation are severe: time 
wasted in rediscovering published faets^ and obsolescence. 

^The largest chemistry library in the world is said to be that of the 
Cheniieal Society of f40iidon. It contains about 40,000 volumes. The 
University of Michigan Chemistry Uihrary has approximately 11,500 
volumes. 

2 A large and weIWqio\\m cHmipaiiy hired an expert and financed his 
laboratory work tor two years Just to obtain data already in its library. 
These (lata could have been found there for a small fraction of the expendi- 
ture in time and money. 

m ■ 



36 


LIBRARY GUIDE FOR THE CHEMIST 


There is no ex( 3 use for repeating work ulread}’’ pubJished excoiA 
to develop technique or verify tlie eoiK^liLsioiis of another. 
Neither is there any possibility of getting fresh water from a 
stagnant pool. 

An additional duty rests upon all wlio would extend the 
boundaries of human knowledge^ to study the methods, 
reasoning, and conclusions of the masters. These arc? l>est sliown 
in their own writings, not in the summaries of followers who may, 
when gathering the substance, have overlooked th.o spirit. 
Such writings are, of course, found in that most \nilual>Ii‘ |;)a:rt 
of chemical iiteratiire: originabarticle periodicals usually called 
‘^journals/’ ^■'transactions/^' ^tmemoirs,’’ or the equivalent. 

History 

The art of making paper became fairly well known in Europe 
during the thirteenth, eentiny. Printing from rmnuible type 
began about 1450, and the bookmaking indnstiy avus ucdl 
started by 1500. The period 1575 to 1615 has beeri huaned tlie 
“golden age of alchemy.'- Shortly thereafter ]>erscMml ifui of 
scientists decreased, and the secret societies^, began to fumdion 
more openly; e.g., the “Iuvi.si].dc‘ Colic‘gf‘“ liad laeld nnadings 
for over twenty years before it l)ecaine the Koval Si.>cudy (of 
London) in 1662. Scientific literature, frmn 1450 down to 1650, 
consisted largely of books Avritten in Ijatin i)r in mystic symbols, 
but with tlie rise of learncMi socicdies thm’e carnt^ a demand for a 
permanent record of their activities and an t)p])orl unity for tlie 
scientist to make pulilic the results of his cxpcuiincnts. Thus 
thtejounial litcnnture eAmlv during the y<airs 1665 to 1730. 

The first periodicals were very gmieral in nature, canbraeing 
all scaenecq e.g., Transactions of the Royal Society, but gradually 
specialization developed. The first journal restrit^ted to ehem- 
istiy A\\as published in 1778, It Avas CrelFs Chemisches Jour- 
nal. Shortly thereafter, division within the science took place 
through the risen of journals deAm to the tAvo broadest 
branches: pure and applied chemistry. Furtlier bc‘gan 

^The Academia Seeretonim Naturae vva.s founded in Xnple.s in 1500; the 
Accaidemia dei Liiufei, in Rome in 1603 (CJalileo was a member q t lie reuowneil 
Aceademia (M Ciniento, in .Florencti in 1657* the Aemiemie ck.vs Seicnct^.s in 
Paris in 1666. 
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about 1860 with tlio advent of journals in »sp0cial phases of pure 
chemistry (analytical organic, physical) and particular indus- 
tries (peiroleunn nd:)ber, paper). At present, further sub- 
division is in progress; for example, the journals devoted to 
physical clieniistry are being supplemented by periodi( 3 als 
dealing especially with colloids (Koiloid Zeitschrift), atomic 
structure (Journal of Chemical Physics), etc. 

Ciassificatioa 

Societies fostered the early journals. In some countries the 
universities took an active part in the establishment of periodi- 
cals. Many were started by individuals who desired more 
space for their fields of major interest than, could be allotted by 
the existing journals. Today the most important magazines 
are still controlled by the professional groups, particularly those 
national in character. A few are purely business ventures, 
some belong to government bureaus or other institutions, but 
these are only a small fraction of the total number. Other 
classifications of journals are based upon national lines or the 
field covered. Since excellent lists have been published else- 
where (see p. 48) they will not be repeated here. 

Trade organs 

In reeent years there has developed a group of periodicals, 
called ^^ house organs/^ some outstanding members of which 
deserve recognition. The number of these privately published 
journals is very large, well over a thousand in the United States 
alone. All of them are obviously designed to advertise some 
company or product, but many are worthy of a place in any 
chemistry library. The Vancoram Review, Footeprints, Nickel 
Bulletin, Chemist- Analyst, and Metallgesellscdiaft, to mention 
only a few, should be known to everyone interested in the fields 
covered. The Industrial Bulletin of Arthur D. Little, Inc., 
and Chemical Digest of Foster D. Snell, Inc., are good examples 
of tlie publications sponsors consulting firms. 

Recent trends 

During tl le past few years journals have faced two diflfieulties : 
a drastics reduction in funds and a marked increase in the number 
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of papers submitted for piibiieatioii. To humI 1]ji‘ situation a 
few have restricted tlie leiigtli of all p:qH.‘rs laiirh that the 
published portion is essentially an .al'jstraei of the ori,aina! pa|)fti\ 
At the other extremej certain joiinials ha\“e lamely inerfs-isrHi 
their si 2 ;e and raised the subscription price aeeorflingly. Tlie 
rest have taken positions somewliere between. The}" Inive 
accepted a smaller fraction of tlie arti<*les re<*ei\a'd. iiisist^Ml on 
' brevity without sacrifice of clarity, and sligiitly iinu’cased tlie 
price. 

Various other expedients liave been siiggestc^d such as tlie 
use of smaller type or photographic redm'tioii io increase the 
amount of printed matter on a unit area of ]>apci% Tliis would 
require the use of a readi.ng inacd'iine if <*a.rried far emnigli to 
effect any appreciable economy in cost of paper. Ikuiiap.s tlie 
most important imiovation is that started in tlaiiiiary, 1937, 
by certain of the journals. If an article, acceppdde for puhlic^a- 
tion, is too long for the space available, an abstract is pre]>nrcd 
and published in the journal eoucernecL Tlu' coinplete iiaptu* is 
then- delivered to Science Servicer Washiiigton, from whicli a 
copy can he obtaiiied iii the form of filnistats (nt^giitives 1 ineli 
high oil standard 3r>~inin. motiompicture film) or ordiiiaiy 
photogniphutprints 6 X 8 iutlies in size. 

Joumai reading 

How to keep abreast of the curnmt literature is largely an 
indivkhial problem. Some (‘hemists lmvf‘ solved il by dfU'oting a 
short period daily to sfainning the latest issues, iHhers, spmul 
more time once a week, while a thini group dt‘|)cnds ii|)on tlu? 
abstract journals. The scheme* adopted by most workm's i.s 
probably a combination of the last methoil uith one of the otlicrs. 
In any case, whatever the system/ it must be adequate to kc*i*p 
the reader up to date regarding publications in his field. 

References 

Any statement of fact encountered in the literal urt* is based 
upon the experieiuai of tin* writer, Oth(u*wise Iw is rc^lyiiig on 
someone else to support his assertion. If the lat ter. Ins aut hority 
sliould be eited unless so tvell kmnvu that that is uiuuaasssary. 
All references should invariably answer three Cjim\stions: 
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Who did the work? When was it published? Where can it 
be found? 

Current practice, as exemplified in the Journal of the American 
Chemical Society, requires for article references: the author, 
name of the periodical, volume number, page, and year, all in 
the order given. The name of the periodical may be abbreviated 
as shown in the Chemical Abstracts “List of Periodicals.” 
Private systems should not be used in papers to be read by 
others. The abbreviation is printed in italics. The volume 
number of the journal is printed in boldface type. Some 
societies are abandoning volume numbers and substituting the 
year of publication. In such cases this figure should be boldface. 
The page is given in ordinary type. If the reference i.s to a 
whole article the inclusive pagination should be given; otherwise 
only the .specific page upon which the statement cited appears. 
The year of publication follow.? the page number and is enclosed 
in parenthese.?. .Example.s: 

Newman, J.Am.C/icJre.AS'oc., 67, 732 (1935). 

Newman, J.Ani.Chem.Soc., 57, 732-5 (1936). 

Stedman and Barger, J .Chem.Soc., 1925, 247. 

While the preceding forms for references are considered ade- 
quate in the majority of cases, additions such as the title of the 
article are occa.sionally made. Eliminations, except for the 
on(mwted, should be cliscouraged. 

A hook rrfiTcnce should include the author, title in quotation 
marks, jmbli.s'lier, hi.s location, the year of publication, volume 
(if one of a set), and the page. Ordinary, i.e., roman, type is 
used throughout by the Journal of the American Chemical 
Society, but some other authorities use capitals and small 
capitals without quotation marks for the title: 

Ka.ssel, “The Kinetics of Homogeneous Gas 
Reactions,” Chemical Catalog Co., New York, 1932, 
p. 150. 

Mellor, Comprehensive Treatise on Inorganic 
AND Theoretical Chemistry, Longmans, Green & Co., 

New York, 1931, YoL XI, p. 64. 

This di.scu.s.sion should not give the impression that all authors 
(in the cataloging sense) have adopted the system described, 
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for such is far from tlie truth/ Unforf,iiiiatoiy the American 
Chemical Society does not require imifoniiity in its c^wii piihliea- 
tions. Certain steps have been taken, liowei'er, to luing al:)out 
greater agTeement among all pul>iicatif>ij.>. Fur example, the 
Chemical Abstracts^ of Periodicals’'’ mmiiioned prcndously 
has been adopted as the iiiteniationa! stamdard (hr abijri‘\iations 
by the Inteniational ITiiion of (Jhemistiy. This gi\'es tfii‘ .list a 
definite status and inenaises the probalnlity of its wider adoption 
in the near future. 

Locating an article 

Given a complete and correct Journal referemee, tlie task of 
locating the article siioiild not be diificiilt. steps tire [is 

follows: 

a. Find the official title of the journal, Tiiis may usually lie 
accomplished, for periodicals now a}:>pearing, by n ferriiig to tlie 
Chemical Abstracts’ list wliicli , is arrangeil al|)!ia!:)etical!y 
according to the standard ablmniation. .Many uf tla^ larger 
books, especially those used for rehumu'c work, a list of 
journals cited and the abbreviations us(*d. Holton's 
Bibliogniply/’ VoL 1, pp. 1159 d>4, contains Ffii litio ablmwia- 
tions aspecially useful for publiixatioiu anti‘daHng IStNh 

ib. Having the official title, consult ihr^ card ciatalog (see 
p. 21). If the library lias the joiirnab nob* its cal! nuinber, 

c. Examhio the holdings laird’’ in the shi'if list to sec if the 
particular volume desired is owiical by the' lifirary. 

d. Bind the book on the sladi’cs. 

Naturally as one becomes more familiar witii a particular 
library and its aids some of tlie foregoing stiqis may be eliminated. 
For example, in a certain library librarian has noted, on the 
Chemical Abstracts’ list, the call numlier of eacdi journal available 
in that collection. Hence one can go dirtMily from that list 
to the book on the shelf. Other liliraries undoubtedly have 
similar short cuts. 

Wrong references 

The preceding directions assume tliat the referema* is corr(‘ct 
and the Journal available. Ihifortunatcly any (‘Xtcusivc‘ biblio- 
graphical work will soon ])rov{‘ that >such Ulval (amditions mv. 
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not always encountered. Frequently considerable ingenuity 
must be exercised before the desired article is obtained. 

First, as to wrong references, in general it will be found that 
probleims of this sort are quickly sohmd. If a reference is 
incorrect with re.spect to only one of the five iteims; author, 
journal, volume, page, or year, the correlation of journal name 
with volume, and year can be checked by means of a syn- 
chronistic table (Table 8). Such tables may vary in arrange- 


Table S. — .Pobtion of a Synchronistic T.iVBLE 


Year 

Ber, 

aA. 

Ciiem 

Zentr. 

Chem,. 

Soc. 

J.Chein. 

Soc. 

J.Phys, 

Chein. 

Z.anorg. 

allgeiii. 

Chem. 

Year 

1910 

43 

4 

81 

32 

97-8 

14 

65-S 

1910 

1911 

44 

5 

S2 

33 

99-100 

15 

69-72 

1911 

1912 

4o 

6 

S3 

34 

101-2 

16 

73-8 

1912 

1913 

46 

7 

84 

35 

103-4 

17 

79-83 

1913 

1914 

47 

8 

85 

36 

105-6 

18 

84-9 

1914 

19 lo 

48 

9 

86 

37 

107-8 

19 

90-3 

1915 

1916 i 

49 

10 

87 

38 

109-10 

20 

94-8 

1916 

1917 ; 

50 i 

11 

88 

39 

! 111-12 

21 

99-101 

1917 

1918 : 

51 

12 ■ 

89 

40 

113-14 

22 

102-^4 

: 1918 

1919 1 

52 ; 

13 

90 

41 

115-16 

23 

105-8 

' 1919 

1920 

53 

14 

91 

42 

117-18 

' 24 

109-14 

1920 

1921 1 

54 i 

15 

02 

43 

119-20 

25 

' 115-19 

1921 

1922 

55. ' 

16 

93 

44: ^ 

121-2 1 

26 

120-5 

1922 

1923 

56 ; 

17 

94, 

45 

123-4 ■ 1 

27. 

126-31 ' 

1923 

1924 

■ 57’ i 

j 

la 

95 

46 

125-6 ^ 

28 1 

132-41 

1924 


Notb. — T he entire table will be found on pp. 1496-9 of Lange’s ‘^Handbook of Chem- 
istry,” Handbook Publishers, Sandusky, Ohio, 2d ed., 1937. 


nrent, but all contain essentially the same data; viz., for every 
journal listed will be found the number of the volume correspond- 
ing to each calendar year of publication. Several of these 
tables are mentioned on p. 50. 

With the right volume, if the page number is wrong, the 
annual index, covering that volume, should give the right page 
under the author’s name or the subject. Incidentally, one of 
the commonest errors is inversion of either volume or page 
numbers, c.g., Vol. 54 for Vol. 45, or p. 234 for p. 243. 
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■ The next sort of error, author ineorn^ety is of minor importanee. 
It will usually give no trouble. If a. r(3fen:‘]iee is eiilirely wrong 
the rigiit one may often be found ' bi^ eorrsiilling tl'ie . subject 
indexes of abstract journals or other literature* on tiie same topic, 
some idea of the age of an article always Imug most liel|>fuL 

Journal not available 

When the journal containing a desired iiaper is not a\milable 
locally the article' may possibly be found reprint;od in anotlier 
journal either verbatim or in a slightly al tiered form or translated 
into another language. For example tlie ClnuBitai] News 
frequently reprinted articles initially appf^ru’ing in otlier English 
and American journals. Several German journals print transla- 
tions of articles, especially from the Hnssifin periodicals.. ■ If tlie 
search for a reprint is fruitless it may be worth while to compare 
the abstracts in the various abstract journals. Oft<ui a. suijiniary 
W'ill be found (?irtirely adequate for tlie work inVf dM^I. In any 
event one should hesitate to say t!u‘it an artich* is !iot in a |)ai- 
ticular library until he has exhausfed llm possibilities menf ioncfi. 

The coiicluskm having ]>cen rcacljial that it: uiil ]k‘ necessary 
to look elsewherirfor a pa})ei% the iiext aid is <,}reuory’s ''Union 
List of Serials.'’ This is an aljdialHUical urrangement uf ihe 
titles of practically all peri(a!i(*als to he tound in any library 
in the Uni States or Uanada. Umha- eufli lifle ar(‘ given 
(a) the various libraries having that. jtMirnai and ih) the speGtii* 

Tablb 9.'— An Entey feom OEEcjoiiy’s. ^'UNieN'- lasr of BmuAns'' 
SOUTIUAfnean ehenueuliitstitiU 

. To J1 1921 as South A-friran associa^tkar of aicibiloal .eliemisis ' ' 

Joumall, 191SU 
. Index: 1~5 

.GU ' l-f ■ ■ '■ Id . .1 + 

■■ DA' 1+,. - . ■■m .■4+' 

."DLC : 1+ '' '■ . P,PP 3+ . 

Proceedings . . . Cape Town. 1912/13 + 

CU 1914+ . ICJ i + 

.'DA ■ 1920+ . m ' ^1920+ 

DLC 1912-22,24/25 + 

Key.— Tho IimtitiiU han published a journal siiire nuH, A efunph'tf' set 0, on fib? at 
CU (UniverHify of Calif.), DA (U.S. Dept. A^?;. at WaHhinj-ionb Uibrary rtf CoTijness), 
and ICJ (John Crerur Ufijrary, CJne.'s^o). i U (Univ. of IllinoHl has a rtanpiolu set inj; 
Vols, n 2, E; PPF (Fraukliii lusUtnte of Philadelphia) lurkn Vols, I and 2, non 'rhi* key to 
all abbreviutions is given moler the cevers of the Uifiyn Ii?4 and in the hitindnetinn. 
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volumes possessed (see sample entry, Table 9) . A brief examina- 
tion of the Chemical Abstracts' register will reveal that it also 
is a union list since it mentions the libraries having each journal 
entered. The important difference is that no information is 
given regarding the particular volumes to be found in any one 
eollection. 

Wlien tlie location of a desired article is known it may be 
examined by (a) visiting the library, (6) obtaining the volume 
for a few days tlirough the Interiibrary Loan service available 
at practiiailly all of the larger libraries, (c) ordering a photo- 
graphic copy. The Chemical Abstracts list mentions the libraries 
having photostat and filmstat service. In either case the cost is 
nominal, and the copy may be filed for future reference. 

Journal appraisal 

Technical papers are seldom read for entertainment. They are 
studied for information tliat may help to solve other problems. 
Only to the extent that a reader can interpret and apply pub- 
lished results to bis own work will they bo of any assistance to 
liim. Hen(‘<3 a trio of obligatioiivS exists resting upon the author, 
the Jouriuil, and the reader. The author must write liicidly 
of his experience and ideas; the journal must provide a reasonable 
amount of space for the exposition; and the reader needs sufficient 
teehiiical training and experience to appreciate and interpret 
the discussion. Partial failure of any one of the three agents 
materially hinders the transfer of knowledge. The value of a 
scientific periodical, therefore, is determined chiefly by the 
cpiality of its articles. These can be considered adequate only 
when each communication will enable another chemist to repeat 
the calculations or experiments, form a good estimate of the 
accuracy of the results or soundness of the conclusions, and 
apply the technique to a similar problem. 

Naturally any critical evaluation of a journal mil depend, to a 
large extent, on the reader's ideal. If he has some notion of what 
demands a periodical should meet, a decision can be reached very 
quickly. If (uiteria the first step may well be a 

study of the authors, i.e,, the number and frequency of articles 
by reputable men. Another factor is the promptness of publica- 
tion. There are usually legitimate reasons for delay in particular 
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cases, but when the “ date published ” is cimsisteutly nine iuonths 
to a 'year later than the “date received" (lie iounial eaiuiot 
honestly claim a place in the vanguard of scieidifie-news dis- 
tributors. Other features deserving .sonu? consideration are the 
sponsors, the field covered, and special sections. Iri coiinecfion 
with the latter, book review.s and biograpliical notes are nfu-ii 
deemed valuable. 

Incidentally, an important by-product of tlie cri( ical examina- 
tion suggested in the preceding paragraph is the acipiisitioirof a 
sense of direction when making a .survey. This i.s especially 
true when browsing must be employed as a last resort. Skilled 
searchers quicldy find desired information chiefly Itecause (hey 
know where to look. For example, one wouki not ordinarily 
look in the Zeitschrit’t fiir analytische Chemie for the prepariilion 
of an organic compound, but such directions are to be found 
there occasionally especially rvhen the product is used as an 
analytical reagent. 

Reading an article 

With the preceding discussion as a background very !it1h> 
additional needs to l)e said about the techtu<iue of ri'ading an 
article. The first .step i.s an U])praisal of (he work. ;t rapid .■survey 
to determine whether it cuntain.s anything applicable to the 
reader’s field. If so, a careful study .should be made a.seer( ain 
the author’s objective. His pro(a'dure should be send inized 
to make sure that all iuterfen'iices and variaidt's were gic t-n due 
consideration and that facilitic.s were .sati.sfaefury. The results 
should be checked and their adetpiaey in .snjjporting his ei)!iclu- 
sions questioned to prove that .some other iiderpi-etatiou will 
not more accurately fit the data. Finally, before e.xperimental 
verification is resorted to, the status of the writer should be 
noted. What is his reputation? Is the article under con.sidera- 
tion his first on the .subject? What Is his background or training 
for the work? What is the date of the article wit h reference 
to the state of the art? In other word.s, wotdd modern efiuijinieiit 
be likely to yield different n-sults? Having covered all of lhe.>^(' 
points one can feel fairly confident that the artiele ha.s been 
well read. As such a ju'occ'duve is (‘onlijuted a Icu'kgroiuid will 
gradually be acquired makiugit possible to Judge rapidly (fie wort h 
of any artiele, a most desirable asset for the researeii worker. 
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Corrections 

Occasionally errors creep into Journal articles. They may be 
typographical or experimental. If the former, many editors 
will insert a note in a subsequent issue calling attention to the 
error and indicating the necessary correction. Such a note may 
appear as filler at the bottom of a page, in a separate .section 
a.s a “Comrmuiication to the Editor,” on inserted slip,s of paper, 
or on a special sheet at the end of the book. Since no uniformity 
in procedure exists, the policy of each individual journal must be 
a.sc‘ertaincd by inspection. 

Experimental errons are also handled in a variety of ways. 
The autlior (or someone else) may write a “Note” to the editor 
calling attention to the fault and revi.sing any conclusions based 
tliercon. An article may be published explaining the source of 
the mistake and giving tlie correct data. If this article ha.s the 
same title as the original paper or is otherwise definitely related 
to it the correction may Ire located readily. On the other hand 
if the author mentions tlie (U’ror incidentally in a subsequent 
paper, iierliaps on a distantly related subject, he obvioussly sets 
a trap for an unwary follower. Nevertheles.s, the correction 
having been made, he i.s protected from attack. As a result it 
behooves anyone .studying the literature to make a diligent 
searcli for amendments to any statement believed inaccurate. 
The jncKle of {u’oeedure will be indicated by the policy of the 
journal iuvoht'd ami the possible variations just enumerated. 
Of course it .should be understood that German journals often 
call attention to errors in the ‘‘Inhalt” under the headings 
“Druclcfeliler” or “Berichtigungen.” Corresponding terms 
might l:)e ustsl in otlier languages. Even if a reasonably thorough 
search nn'cals notliing, before .spending very much time and 
moiifjy on the problem it is asually be.st to communicate -with the 
author directly and a.scertain his attitude. 

Language difficulties 

A few years ago Gros.s and Gro,s.s made a .study of the references 
in Vol. 48 f l!)2f)) of the Journal of the American Chemical Society. 
They fouiul that, of tlio.se not involving American periodicals, 
52.5 percent referred to German articles, 35.2 pei'cent to Elnglish, 
9.4 percimt ti> Freneh, and 2.8 percent to all others. Seven 

1,,+.... 'Ji- ’ ^ - 
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found that his figures were only sliglitly lower. Reader.'^ of 
this book will also note the relatively large number of German 
books mentioned. This .situation is probably due to tlie f.-tet 
that the Germans have always contended tluit any inforui.'ttiun 
published should be available in their language. Henef; they 
have spent much time and money compiling .-^oine of f he finest 
reference books in the world. The.se will not be traii.slated into 
English. Consequently research men in clnunistry nivisi be 
able to read German. While a knowledge of French, Rus,sian, 
and Italian may be desirable, German is (‘ssenlial. Some aids 
are mentioned in the bibliography for tlio.se wiio liave ma.stered 
the fundamentals. ■ 

BIBLIOGRAPHY 
History of periodical literature 

Crane and Patterson, pp. 36-40. 

Noyes, W.A., J.Am.Chem.Soc., 42, 209i)-2]l(> (1020). Con- 
siders the development of chemical periodicals cspicd.-dly in tlie 
United States. 

Kilmer, J. Am.Phartn. Assoc., 1^, 587-90 (1!)30). ■‘ The Birth 

of the Scientific Journal.” 

Barnes, Sci.Monthhj 38 , 257-60 (1S)34). “Hif Scientific 
Journal, 1665-1730.” 

Classified lists of journals 

Crane and Patterson, pp. 49-76. Journal.^ are claasified 
according to divisions of chemistry and, williin a division, 
according to country. A brief cIcscri})tion acconiiianies prac- 
tically all entries. 

Mellon, pp. 25—33. Journals are classified according to field 
covered. 

Reid, pp. 73-90. Journals are arranged aliiliabctically by 
countries on pp. 73-7; mo,st important journals pp. 7S-S2; dis- 
continued journals, pp. 82-90. ' 

Unclassified lists 

Bolton, Select Bibliography of ClK'nilstrv,” iSinith.s((nian 
Institution, Washington, 1893-1904, Sec. \TL 1li<‘ imiiu 
volume hsts, alphabetically by title, 436 periodicals kstied .some 
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time during the period 1492-1892. An appended table gives the 
customary abbreviation for each title. 

Idem^ Catalog (A) of Scientific and Technical Periodicals 
(1665-1882) together with Chronological Tables and a Library 
Checkdist.'' Smitlisoniaii Institution, Washington, 1885, Mis- 
eel. Coll. No. 514. 

Idem, ''Chemical Societies of the XIX Century/' Smith- 
sonian Institution, Washington, 1902, Miscel Coll. No. 1314. 
A list of societies in chronological order according to countries. 
Each entry includes: location, date founded, president, member- 
ship (in 1900), serial publications, notes. 

"List of Periodicals Abstracted by Chemical Abstracts,'' 
American Chemical Society, Washington, 1936. Issued as a 
part of the Nov. 20, 1936, Chemical Abstracts and obtainable 
separately from the editor of that journal at Ohio State Uni- 
versity, Columbus, Ohio. The list includes 2,808 journals now 
being published. Thej^ are arranged alphabetically by approved 
abbreviation. 

Ch.\ne and Patteeson, Appendix 4, pp. 267-72. A bibliog- 
raphy of lists of periodicals. Ninety-five lists are entered. 
Appendix 6, pp. 279-342, contains a list of 1,889 journals arranged 
alphabetically by title. About 630 had ceased publication by 
July, 1926. 

GREGOEy, "Union List of Serials,'/ H.W. Wilson Go., New 
York, 1927, SiippL, 1931. This list is arranged alphabetically 
by name of jounial and si^onsoring organization. The abbrevia- 
tions are explained in the introductiGii. The supplement 
covers the period 1925-31. In each volume there is a bibliog- 
raphy of union lists. 

"World List of Scientific Periodicals/' Oxford University 
Press, London, Vol. I, 1925; VoL II, 1927. A list of the chief 
scientific periodicals with the libraries in which they are fided. 
There are about 25,000 entries. In Voi, I, pp. viii-ix, is a 
bibliography of sources. A new edition covering the years 
1900-33 was published in 1934. 

ScuDDER, "Catalog of Scientific Serials of all Countries 
Including the Transactions of Learned Societies . . . 1633- 
1876," Harvard University Press, Cambridge. Mass.. 1879. 
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“An indispensable key to the publications of learned societies” 
of that time. 

Synchronistic tables 

Friend, “ Textbook of Inorganic Chemistry,” Charle.s Griffin 
& Co., London, 1917- . Near the front of almost evi‘ry 

volume is a table covering the period 1800-1920. 

Landolt-BSrnstein, “ Phy-sikali-scli-cheniisclis^ Tabellen , ' ’ 
Julius Springer, Berlin, 5th ed., 1928. In Vol. II, p. 1084 
et seq., there is an extensive list of journals including the date of 
issue of each volume and changes in editorship. 

Beilstein, “Handbuch der organi.schen ('hcniie,” Julius 
Springer, Berlin, 4th ed., 1918- . Ninr the front of ^■oi. I 

and of many of the supplements is a synchroni.‘''tic table of about 
35 journals. 

Lange, “Handbook of Chemistry,” Handbook Publisliers, 
Sandusky, Ohio, 2d ed., 1937. There i.s, on j>ii. 14l}G~9, a lalile 
of about 40 journals published during 1880-1034. 

Language dictionaries 
French 

Patteeson, “French-English Dictionary for Chemi.sl.s," 
John Wiley & Sons, New York, 1921. Tlie “ Preface ’’ eoiitaitis 
a list of other dictionaries. 

Ketteidge, “Teclmical Dictionary,” G. Routledge ;ind Sons. 
London, Yol. I, French-English. 

Mansion, “Harrap’s Standard French anil Englisli ].)ic- 
tionary,” George G. Harrap & Co., London, \\'C2, 39 Parker St. 
Part I, French-English, 

German 

Patterson, “German-English Dictionary for Chemi.sts.” 
John Wiley & Soas, New York, 2d ed., 1935."^ 

Webel, “German-English Technical and Scientific Dic- 
tionary,” E.P. Dutton & Co., New York, 1930. 

Thtirow, “ Englisch-deutschfts und deutsch-englischt's Wftrft'r- 
buch der Chemie,” A. Tetzlaff, Berlin-Friedenau, Yd.damlstr. 8, 
Vol. I, English-German, 1929; Vol. II, German~EngH,sh, 1932. 
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HoYEii-KREiTTER (Sclilomanii) , ' ' Technologisches Worter- 

biich/' JuliiLs Springer, Berlin, 6th ed., 1932, Vol. I, German- 
English-French; VoL II, English-German-French; Vol. Ill, 
French-German-Eiiglish. 

Mayer, ''Chemisches Fachworterbiich fur Wissenschaft, 
Technik, Industrie und HarideV^ Otto Spamer, Leipzig, Vol. I, 
German-English-Frencli, 1929; Vol. II, English-German-French, 
1931, rev. 1936. 

Slater, “Pitman’s Teclmical Dictionary of Engineering and 
Industrial Sciences . , . Sir Isaac Pitman & Sons, London, 
4 vols., 192S'-32. This book is in seven languages: English, 
French, Spanish, Portuguese, Italian, Russian, and German. 

Muret and Saunders, “ Enzyklopadisches engiish-deutsches 
und deutsch-englisches Worterbuch,” Laiigenscheidtsche Ver- 
lagsbuehhandlung, Berlin. The standard in this field. There 
are several editions varying in format. 

Italian 

Giua and Guta, “Dizionario di chimica generale e industriale 
. . . Unione Tipografico-Editrice Torinese, Torino, Gorso 
Rafaello, 28, VoL I, A-E, 1932^, Vol. II, F-Z, 1933-4. 

Abbreviations 

Crane and Patterson, Appendix 2, pp. 245-58. A list of 
abbreviatioris comnionly found in journal literatui’e. 

Webel, op. cit., pp. 729-44. Gives many common German 
contractions with their English equivalent. (Cf. Patterson^s 
German-English dictionary.) 

Miscellaneous 

Gross and Gross, Science^ 66, 385 (1927). A statistical study 
of the references in J./lm.C/im./Soc., Vol. 48. 

Sheppard, J.Chem.Educatdon 12, 472-3 (1935). A similar 
.study of VoL 66, 

“Directory of House Magazines,” Postage and the Mailbag, 
Brooklyn, N.Y., 68 35th St., 1931. It lists trade and business 
organs, many of them chemical in nature. 
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Synchronistic tables 

:^IBND, “Textbook of Inorganic Cluanist ry, ” riiarlc <4 rs-ffi 
. & Co, London, 1917- . Near tfie fron ,.f i / 

volume is a table covering tlie period 1800-1920. ' 

Landout-Bobnstexn, “Phy.sikali,sc}i-eiieinische Tabelien - 
Julius Springer, Berlin, 5th ed., 1928. In Vol. H n 
et seq., there is an exten.sive list of iourn-ils io,.!,,.!;.. !l ^ 
issue of each volume and change, s in editorship. ^ 

Sprini^CSlin,^tfe^,'wiS- 

Slommr syadn-onislic 

of about 40 journal, S ijubli.shed during ISSCL lsm.^^^^’^' 

Language dictionaries 
French 

1 ATTEItSON, Froiich"* PtiitIisjIi T'i? 4 ' 

John Waey 4 S.,„, 

a hst of other dictionaries. ^ f <>ntaiiis 

Ketoeidge, “Technical Dictionary " O Bn.oi i 
London, Vol. I, French-English. " ’ ^ ^^‘’'“^*'<^8“ and Son.s, 

Dio. 

•D X T ^ ^ * & Co., London WP9 QO T3 I r. 

Part I, French-English. ’ Parker Ht 

German 

■'w” “.isr’ 
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Hoyer-Kreuter (Schlomami), ^^Technologisches Worter- 
biich/’ Julius Springer, Berlin, 6th ed., 1932, Vol. I, German- 
English-French; Vol II, English-German-French; VoL III, 
French-German-English. 

Mayer, ^^Chemisches Fachwdrterbiich fur Wisseiischaft, 
Technik, Industrie und Handel,” Otto Spamer, Leipzig, VoL I, 
German-PJnglish-French, 1929; Vol. 11, Engiish-German-Freiich, 
1931, rev. 1936. 

Slater, Pitman \s Technical Dictionary of Engineering and 
Industrial Sciences . . . Sir Isaac Pitman & Sons, London, 
4 vols., 1928-32. This book is in seven languages: English, 
French, Spanish, Portuguese, Italian, Russian, and German. 

Muret and SAUNDEiiS, ^^Enzjddopadisches english-deutsches 
und deutsch-englisehes Worterbuch,” Laugenscheidtsche Yer- 
lagsbuchhandlung, Berlin. The standard in this field. There 
are several editions varying in format, 

Italian 

Guta and Giua, ^^Dizionario di chimica generale e indiistriale 
. . . Unione Tipografico-Editrice Torinese, Torino, Corso 
Rafaello, 28, Vol. I, A-E, 1932-3, Vol. II, F-Z, 1933-4. 

Abbreviations 

Crane and Patterson, Appendix 2, pp. 245-58. A list of 
abbreviations commorily found in journal literature. 

Webel, op, cit,, pp, 729-44. Gives many common German 
contractions with their English equivalent, (Cf. Patterson 
Germaii-English dictionary.) 

Miscellaneous 

Gross and Gross, Science , 66, 385 (1927) . A statistical study 
of the references in /.Am.CVicm.Soc., Vol. 48. 

Sheppard, J.Chem,Miicatio7i 12, 472-3 (1935), A similar 
study of Vol 55, 

“Directory of House Magazines,” Postage and the Mailbag, 
Brooldyn, N.Y., 68 35t}^^^ St., 1931. It lists trade and business 
organs, many of them chemicM ill 
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indispensable key to the publications oi learned societies ” 
of that time. 

Synchronistic tables 

Friend, ^‘Textbook of Inorganic Chemistry,” Charles Griffin 
& Co., London, 1917- . Near the front of almost every 

volume is a table covering the period 1800-1920. 

Landolt-Bornstein, Physikalisch-chemische Tabellen, ” 
Julius Springer, Berlin, 5th ed., 1928. In Vol. II, p. 1634 
et seq.^ there is an extensive list of journals including the date of 
issue of each volume and changes in editorship. 

Beilstein, “Haiidbuch der organischen Chemie,” Julius 
Springer, Berlin, 4th ed., 1918- . Near the front of Vol. I 

and of many of the supplements is a synchronistic table of about 
35 journals. 

Lange, “Handbook of Chemistry,” Handbook Publishers, 
Sandusky, Ohio, 2d ed., 1937. There is, on pp. 1496-9, a table 
of about 40 journals published during 1880-1934. 

Language dictionaries 
French 

Patterson, “ French-English Dictionary for Chemists,” 
John Wiley & Sons, New York, 1921. The “Preface”” contains 
a list of other dictionaries, 

Kettridge, “Technical Dictionary,” G. Roiitledge and Sons, 
London, VoL I, French-English. 

Mansion, “Harrap’s Standard French and English Dic- 
tionary,” George G. Harrap & Co., London, WC2, 39 Parker St. 
Part I, French-English. 

German 

Patterson, '^German-Engiish Dictionary for Chemists,” 
John Wiley & Sons, New York, 2d ed., 1935. 

Webel, “ German-English Technical and Scientific Dic- 
tionary,” E,P. Dutton & Co., New York, 1930. 

Thurow, “Englisch-deutsches und deutsch-englisches Worter- 
buch der Chemie,” A. Tetdaff, Berlin-Friedenau, Wielandstr. 8, 
Vol. I, English-German, 1929; Vol. II, German-English, 1932. 


PERIODICALS 


51 


i 


'■jE:'#' 



Hoyer-Kreutee (Schlomann), “Techaologisches Worter- 
biich/' Julius Springer, Berlin, 6th ecL, 1932, VoL I, German- 
English-French; Vol. II, English-German'-Freneh; Vol. Ill, 
French-German-English. 

Mayer, Chemisehes Fachworterbueli fur WLssensehaft, 
Techiiik, Industrie und Handel, Otto Spamer, Leipzig, VoL I, 
German-English-French, 1929; Vol. II, English-German-French, 
1931, rev. 1936. 

Slater, Pitman’s Technical Dictionary of Engineering and 
Industrial Sciences . . . Sir Isaac Pitman & Sons, London, 
4 vols., 1928-32. This book is in seven languages: English, 
French, Spanish, Portuguese, Italian, Russian, and German. 

Muret and Saunders, ^^Enz 3 ddopadisches english-deutsches 
und deutsch-englisches Worterbuch,” Laugenseheidtsche Ver- 
lagsbuchhandlimg, Berlin. The standard in this field. There 
are several editions var^diig in format. 

Italian 

Giua and Giua, “Dizionario di chimica generale e industriale 
. . . Unione Tipografico-Editrice Torinese, Torino, Corso 
Rafaello, 28, Vol. I, A-E, 1932-3, Vol. II, F-Z, 1933-4. 

Abbreviations 

Crane and Paiterson, Appendix 2, p]). 245-58. A list of 
abbreviations common^ found in jounial literature. 

Webel, op. cit,j pp. 729-44. Gives many common German 
contractions with their English equivalent. (Cf. Patterson’s 
German-English dictionary.) 

Miscellaneous 

Gross and Gross, Science, 66, 385 (1927). A statistical study 
of the references in J.Am.Che}n.Soe., Vol. 48. 

Sheppard, JXVumi.Edmntion 12, 472-3 (1935). A similar 
stud}" of Vol, 5§, 

^'Directory of House Magazines^ Postage and tlie Mailbag, 
Brooklyn, N.Y., 68 35th St., 1931. It lists trade and busin<\ss 
organs, many of them chemical in nature. 
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Success in reading depends upon the possessicni of cer- || 

tarn somewhat technical skills. Chief among these are skill || 

in finding the specific pages which will yield desired inf or- 
7 nution and skill in gleaning knowledge from the printed 
page.” Headley, Making the Most of Books 

History 

The birth of scientific periodicals took place shortly after 1660. 

The first exclusively chemical journal was started over a century 
later (1778) and appeared, under various titles, for 25 years. 

This publication was edited by CrelL It had at least three 
objectives: to announce new books, print new articles, and give 
summaries of papers initially appearing elsewhere. During 
this time other periodicals, more or less chemical in natures, also 
published revieAvs. The first journal devoted exclusively to 
chemical abstracts 'was the Pharmaceutisches Ceniralhlatt, started 
in 1830 and continued, with some modifications in name and 
scope, down to the present time. In 1858 the French Ghemical 
Society started to publish abstracts in its “Bulletin.” Thirteen 
years later the Jounial of the Chemical Society (London) began to 
appear with an abstract section. In the field of applied chemistry 
the Journal of the Society of Chemical Industry started to print 
abstracts in 1882. The Zeitschrift Jilr angewandie Chemie^ 
waited until 1887 to introduce this form of service. 

European activities were thus well under way when a group of 
faculty members at the Massachusetts Institute of Technology 
launched the Review of A^nerican Research. This was published 
in the Technology Quarterly from 1895 to 1901 and as a part of the 
Journal of the American Chemical Society from 1897 to 1906. 

The following year Chemical Abstracts was started. In 1919 
the Zeitschrift fur amgewafidte CMinie abstracts, 

md the Che77iisches Ze7%tralblatt took over the work. At the 
same time it adopted the subtitle “ Vollstaiidige Repertorium 

1 At that time it was called the Zmtralblatt fUr techniscke Chemie. It now 
bears the title A.ngewandte Cheniie. 
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ftir alle Zweige der reinen iind angewandteii Chemie.’' Later 
(1925) a movement to combine the British abstracting activities 
was initiated in England. BriUsh Chemical Ahstracts was 
established, and the abstract section of the Jour nal of the Chemical 
Society became Part A of the new journal; the abstract section 
in the Journal of the Society of Chemical Industry became Part B, 
The final step, combination of the two divisions under one cover, 
has not yet been effected. 

Thus by the close of the eighteenth century a German move- 
ment of inestimable value to the chemical world ha,d been 
initiated. During the following century it spread to other 
countries and todaj^ is fostered by the national society as well 
as by a large number of lesser organizations whose ambitions 
are more modest. 

Despite the early founding of abstract journals, before 1907 
there "was practically no attempt, by one publication, to 
include ail branches of chemistry from all countries. Even 
after that date the effort was onl}?- partly successful because the 
important field of patent literature w- as incompletely covered. 
Today there are only two journals, Chemical Abstracts and the 
Zentralblatt, that claim to make a thorough survey of all chemical 
publications. 

Purpose 

The statement was made in an earlier chapter that about 40,000 
articles of chemical interest are published annually. Obviously 
it is futile to suggest that any one person sift this volume of 
material for the few contributions pertinent to his own work. 
First, the entire output cannot be found in any one place; 
second, the number of languages is too great for any individual 
to master; and, third, it would be necessary to examine a hundred 
articles every day in the year. Of course the journals might 
be purchased, and a corps of assistants hired to scan them— a 
rather expensive method. If only a limited number of periodicals 
were involved one of the abstracting agencies, e.g., Engineering 
Index Service or H.W. Wilson Company, both in New York 
City, might be induced to undertake the wmrk. Each prepares 
abstracts on index cards, ready for filing. The fee is calculated 
from the number of journals involved. Another alternative 
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is to subscribe to an abstract journal. This immediately raises a 

question concerning the relative merits of the publications , 

available, a point to be considei^ed later. 

The primary demands generally placed upon an abstract -I; 

journal are two: information about the latCvSt developments in if;' 

chemistry, and assistance in searching the literature for specific 
facts. The first need really implies completeness more than -ig 

up-to-date news. One naturally turns to the current articles 
themselves for the latest accounts and depends upon abstracts 'i;? 

to indicate material missed as a result of publication in less Jl: 

readily available serials or unfainiliar ' languages. In other 
words, the fii’st criterion of the value of abstract journals is the 
thoroughness with which they embrace the whole field of chemis- 
try. Original and review articles, patents, books, doctoral 
dissertations, and any other literature dealing with the subject 
should be mentioned in a journal truly surveying the entire 
field. While Chemical Abstracts and the Zentralblatt are the 
only publications striving for this goal, neither has actually 
reached it. 

The second need, assistance in searching the literature, involves 
the preparation of adequate indexes, undoubtedly the most 
important function of any abstract journal. Some scientific 
groups prepare no abstracts but devote all of their time and 
energy to the indexes. Naturally, opinions vary regarding 
this attitude, but there can be no question about the value of a 
good directory. Probably the most useful of these is the subject 
index, followed closely by the author guide. A mox'e recent 
invention is the formula index originally used by Richter when 
constructing his key to the literature of organic chemistry, and 
later by Hoffmann for inorganic chemistry, then adopted by 
Chemical Abstracts in 1920 for both fields. The Zentralblatt 
took up this work a few years later. The only other major guide 
compiled by abstract journals is that of patent numbers. These 
four indexes plus adequate coverage are today the most essential 
featmx^s of an abstract jounm^ 

Promptness 

A brief study of })romptness has been made as follows. Six 
articles were selected from each of three outstanding publications. 
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Then the time, in months, elapsing between the date each article 
was published and the appearance of the abstract in each of 
three important abstract Journals was calculated. The results 
indicate that abstracts appear soonest for articles published 
in the same country as that of the abstract journal, the average 
time lag being slightly less than three months. Summaries of 
contributions published in foreign journals require approxi- 
mately one month longer than those appearing in domestic annals. 

Arrangement 

Abstract journals offer several aids to anyone searching the 
literature. In a single number the abstracts are grouped on the 
basis of subject. Cross references are given (Table 11), and an 
author index is provided. Annual and cumulative indexes are 
also available. Such helps are worthy of closer examination. 

The arrangement of abstracts on the basis of subject in individ- 
ual issues of a journal involves several features. First there 
is a lack of agreement among the journals regarding divisioiivS. 
This is shown in Table 10. Of course it is true that, for the 
three journals listed, many of the sections bear the same title. 
On the other hand the Zentralblatt has no Apparatus^’ section, 
British Chemical Abstracts has a place for Reactions, etc. 
The placing of individual abstracts is, however, more important. 
Those that unquestionably belong to a particular division will 
probably be found there, but the locating of material on analytical 
chemistry, for example, is not so easy. The Zentralblatt has a 
single section for such reports; the others do not. Chemical 
Abstracts reserves its '^AnalyticaF^ division for articles of general 
interest in pure chemistry, abstracts on the analysis of foods, 
glass, fuel, etc., being assigned to sections dealing with the 
particular material involved. When an abstract thus placed is 
considered of sufficient general interest a cross reference will be 
found in the analytical section. This is helpful, but the chemist, 
active in any particular field, should not complacently confine his 
reading to a single section of his favorite abstract journal until 
convinced that there is nothing of interest to him in the other 
sections. 

The device of section-to-section references is used in Chemical 
Abstracts, as stated in the preceding paragraph. It is also 
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Table 10.— -Abstract Journal Sections 


Chemical Abstracts 

British Chemical 
Abstracts 

Chemisehes Zeiitralblatt 

1. Apparatus 

A. Pure Chemistry 

A. General and Physical 

2. General and Physi- 

I. General, Physical, 

(4 divisions) 

cal Chemistry 

and Inorganic 

B. Inorganic 

3. Subatomic Phenom- 

Chemistry 

C. Mineralogy and Ge- 

ena 

Sub-atomics 

ology 

4. Electrochemistry 

Molecular Struc- 

D. Organic Chemistry 

5. Photography 

lire 

General and Theo- 

6. Inorganic Chemis- 

Crystal Structure 

retical 

try 

Physical Proper- 

Synthetic 

7. Analytical Chemis- 

ties of Pure Sub- 

E. Biochemistry (6 divi- 

try 

stances 

sions) 

8. Miiieralogical and 

Solutions and Mix- 

F. PharmacA’ 

Geological Chem- 

tures 

G, Analysis 

istry 

Kinetic Theory 

a. Elements and In- 

9. Metallurgy 

Thermodynani- 

organic Com- 

10. Organic Chemistry 

ics 

pounds 

11. Biological Cliemis- 

Electrochemistry 

h. Organic 

try 

Reactions 

c. Plant and Animal 

12. Foods 

Methods of Pre- 

Materials 

13. Chemical Industry 

paration 

d. Medicine , . . 

14. Water, Sewage . . . 

Analysis 

II. Ai}plied Chemistry 

15. Soils . . 

Apparatus 

L General Chem- 

16. Fermentation In- 

Geochemistry 

istry Tech- 

dustry 

II. Organic Chemistry 

nology 

1 7. P h a r m a c e u t i c a 1 

Aliphatic 

11. Industxial H>v 

Chemistry 

Homocyclic 

giene 

18. Acids, Alkalis . . . 

Terpenes 

HI, Electro-technies 

19. Glass, Clay, . . . 

Ileterocyclics i 

IV . Water, Sewage 

20. Building Materials 

Alkaloids 

V, Inorganic In- 

21. Fuels 

Organo-metallic 

dustry 

22. Petroleum 

Compounds 

Bilicatcs, Build- 

23. Cellulose and Paper 

Proteins ! 

ing Materials 

24. Explosives 

Analysis 

Agricultural 

25. Dyes, Textiles 

III. Biochemistry (15 

Chemistry 

26. Paints, Varnish 

divisions) i 

Metallurgy 

27. Fats, Soaps 

B. Applied Chemistry i 

Organic Indus- 

28. Sugar, Starch 

I. General, Plant . . . 

i try. . , 

29. Leather, Glue 

1 11. Fuel, Gas . . . 

1 X. Dyeing 

30. Rubber, . . . 

* III. Organic Interme- 

Resins 


diates 

Rubber 
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T.tBLE 10 .— Abstbact Journal Sections.^ — (Continued) 


Chemical Abstracts 

British Chemical 
Abstracts 

Cliemisches Zentralblatt 


IV. Dyestuffs 

Perfumes 


V, Fibers, Textiles 

Bleaching, Dyeing 

Acids, Alkalis . . . 
Glass, Ceramics 
Building Materials 

Sugar 

XV. Fermentation 
Foods ... 

Fats, Waxes 

Fibers . . . 
Rayon 


X. Metals, Metal- 
lurgy ■ 

Electrotechnics 
Fats, Oils, Waxes i 
Plasties, Paints 
India Itubber 

Fuel 

XX. Explosives 
Leather 

Glue, Gelatin 
i Inks, Polishes 

1 

XV. Leather, Glue 
Agriculture 

Sugars . . . 
Fermentation In- 
dustry 

Foods 

XX. Medieinals 

Pliotograpliic Ma- 
terials 

Explosives 

Photography 
! Bibliography 


Sanitation 



employed in British Chemicai Abstracts, Part B but not Part A. 
The Zentralblatt apparently does not use the scheme to any 
extent. 

Finally, there appears to be no system for arrangement of 
article abstracts within a division except that those on the same 
or related topics may be placed together. Subdivisions based 
on the sorts of material covered are arranged as .shown in 
Table 11. 

Author indexes in current ksue.s of an ahstraot jourharare 
particularly valuable to the mature chemist. It take,s him only 
a few minutes to examine each index for the name of any scientist 
likely to publish papers of interest in a particular field and 
.thus a,ssures him of familiarity with the recent publications. 
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These indexes are of minor value to a beginner unless he wishes 
to look up an article published during the current year. Then, 
if he knows the author^s name, the index is of real service, even 
considering the fact that seven or eight individual issues^ must 
be consulted. 

Table 11. — Aerangement op Entries within a Section 


Chemical 

Abstracts 

British Chemical 
Abstracts 

Chemisches 

Zentralblatt 

Articles 

Part A 

Articles 

Cross references 

Articles only 

Patents 

Books 

Part B 

Books 

Patents 

Articles 


Theses 

Cross references 



Patents 

Cross references 

i • 

i 


Thus far the discussion has been confined to the use of abstract 
journals for the purpose of keeping up to date. As keys to the 
literature for ^‘state-of-the-art^^ searches, the journals require 
examination from a slightly different angle. 

Value 

The value of an abstract journal, as a guide to sources of 
information, depends upon three factors: quality of the abstracts, 
adequacy of the indexes, and completeness with which the entire 
field has been covered. An abstract is e>ssentially an annotated 
reference. Its function is to direct the reader to an original 
publication, state its nature ivhenever the title is inadequate, 
and summarize the new material to be found there. The purpose 
of the summary is not to obviate the examination of original 
articles but to show^ which ones may contain data pertinent to 
the problem being investigated. In this connection the searcher 
must realize that an abstract embraces the activities of at least 
four people all of 'whom need to have the same concept of the 
idea involved if the path is to be clear from the article through the 
abstract to the indexes and back. 

^ It. is strange that the abstract journals do not employ the ciunulative 
system in which each succeeding index includes the entries of all previous 
issues for at least 3 months of the year. 
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First there is the author. If he has presented his thesis in. 
unambiguous terniSy has omitted no important poinhs, and has 
been guided in his writing by the fact that no one eLse possesses 
his experience as a background, then and then only will the 
writing have been well done. In so far as he has failed there 
may be misunderstanding of his work. 

Next comes the abstractor. He must fully comprehend the 
article, be skillful enough to express the essential features in a 
few words, include everything that is new, omit nothing impor- 
tant,^ accurately present the author\s ideas, .and write his 
summary in good style. 

Third, there is the indexer. He prepares, from the abstract 
alone, all of the subject entries, selecting words that the average 
chemist wmiild be likely to look for when wanting information 
given in the original article. Thus the abstractor is indirectly 
responsible for the integrity of the index, while the compiler is 
directly liable for its uniformity, nomenclature, and simplicity. 

Finally, the fourth member of the group, the chemist who uses 
the index, must assume his share of the responsibility for finding 
what he needs. He must possess a knowledge of the scope, 
arraiigement, and peculiarities of the index to be used. He 
must realize that an idea can be expressed in more than one way ; 
that experiments have settings, one feature often being empha- 
sized to the neglect of another. WheiT the content of 

chemical literature the abstractor and indexer go only a certain 
distance. The searcher must travel the rest of the way himself. 
For the purely obvious the former may be blamed if the quest 
is unduly prolonged, but for a search beyond the obvious, ivhere 
ingenuity is required, the time consumed and ultimate success 
will depend upon the experience, perspective, and intuition of 
the searcher. 


^ This is always a difficult problem. The abstractor must assume tliat he 
is writing to those ^^skiiled in the art, hence is justified in ignoring what, 
in his Judgment, is not essential to the main idea in the article. For example, 
a certain paper on aluminum chloride contains a description of the electric 
funiace used when preparing that compound. The abstract clearly outlines 
process but does not mention the furnace. Perhaps the abstractor 
erred; but whatever one’s opinion, the case indicates what is known to every 
experienced searcher, vi7>., that it is necessary to go be^mnd an abstract in 


ABSTRACT JOVRNALS 


61 


Use of indexes 

Four indexes: author, subject, formula, and patent, are 
prepared by the more valuable abstract JournaLs. When using 
any one of the four, an important point to ascertain is its scope 
with respect to the information needed. The Zentralblatt, 
for example, did not cover technical articles before 1919, yet 
much time has been wasted searching the earlier issues of that 
journal for references to commercial data. Also, if the data 
desired are more in the realm of physics than chemistry, Science 
Abstracts, Section A, might be a better source than chemical 
journals. 

Efficient use of an index recpiires a knowledge not only of its 
scope but also of its organization and individuality. Both of 
these features can be discussed more adequately with reference 
to particular types of indexes, hence will be considered in the 
following sections. 


Use of author indexes 


An author index is a list, chiefly, of personal names arranged 
alphabetically according to surname. Fortunately pseudonyms 
are seldom used in scientific work, and so it would appear that 
there is nothing difficult about finding a name. This is true 
if the searcher knows what the name is and how to vSpell it. 
Suppose, however, that a man, Fischer, has published a desired 
article. If nothing more is known about him the problem is 
far from simple. A glance at the Third Decennial Index to 
Chemical Abstracts will reveal 304 entries distributed among 
ten H, Fischers, all believed by the indexer to be different people.^ 


H. Fischer 
Hans Fischer 
Harry Fischer 
Heinrich Fischer 
Hellmiit. Fischer 


Hellmuth Fischer 
Herbert Fischer 
lierm. Fischer 
Hermann Fischer 
Hugo Fischer 


Just to suggest a few complications, assume that the Fischei 
sought is one of the ten and that he has been slightly erratic in 
signing his name, using H. Fischer, Herm. Fischer, or Hermann 
Fischer at various times. Suppose also that the printer omitted 


1 This example is taken from “Why Indexers Turn Gray,” by E.J. Crane, 
lnd,Eng,Chem., News Ed,, 16, 175 (1937). 
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the ^ now and then. Without further supposition the number 
of possible name entries for this one man has increased to six 
excluding the likelihood of someone else being entitled to use 
any of the Aviations* Of course the indexer does his best to 
avoid entanglements of this sort, but he is not omniscient. 

Next there is the prefix problem. Fortunately it is readily 
soh^ed once attention has been called to its existence. Rules are 
given in the second chapter for the arrangement of names 
beginning with von^ van, de, la, etc., but they apply only to the 
library catalog, and even there they are subject to the qualifica- 
tion that a name should be entered as used by the OAvner. Georg 
YOU HeA^esy, for example, is entered under H, AA’hile Wolfgang 
von Oettingen will be found under V in catalogs using Library 
of Congress cards. When author indexes of abstract journals 
are examined they fall into three classes: those ignoring prefixes, 
those consistently using them, and those apparently following 
no rule. The obAdous solution is to look in both places when 
the system used is not known or AAdien no cross reference is 
giYexx. 

Certain other author index diSiculties occasionally arise 
AA^hich may be annoying. Take, for example, the name of the 
famous Russian chemist who discovered the reagent used to 
detect and determine nickel. In German indexes his name is 
entered as Tschugaefi, but in Chemical Abstracts it is found 
as _GhugaeA^ This difference arises, of course, through the 
lack of uniformity in converting— transliterating—Russian 
sound symbols into Latin letters.^ Also, there is no rule to 
folloAv Avhen looking up the name of a married Avoman if only 
her maiden name is known. Madame Marie SklodoAvska Curie 
did not use her maiden name in scientific papers. Her daughter, 
Madame Irene Joliot-Curie, in order to preserve her identity, 
merely added her husband^s name to her own. Fraulein Ida 
Tacke, on the other hand, ceased to use her maiden name AAdien 
she became Frau Noddack a feAAV years ago. Incidentally a 
corporation may change its name for one reason or ^ 

If the searcher is aware of the iigaa*^ name, Avell and good; if not 
he may be unable to carry his investigation beyond the date of 

1 Cf. Ceaxe, IndEng.Chem., News Ed., 15, 230-1 (1937). 
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the change. Lastly, a Spanish author has three choices. He 
may, and frequently does, use his inother^s maiden name or 
his father^s name or the two combined. 

In conclusion, it should be borne in mind that, with over fifty 
thousand people writing articles of chemical interest each year 
the author indexes are surprisingly easy to use, especially when 
one is aware of their peculiarities. 

Use of subject indexes 

An index is a tool used to find information. Its nature is 
determined by the intent of the designer, but its effectiveness 
depends upon the know- ledge and skill of the user. A subject 
index is a special instrument theoretically consisting of an 
alphabetical arrangement of subjects but actually varying from 
a classified list of titles, many of wdiich offer no hint as to the 
actual subject matter, to a detailed content inventory of the 
literature covered.^ An example of the former type is Science 
Abstracts, Section A; of the latter, Cheinical Abstracts. Inter- 
mediate forms are represented by the International Catalog of 
Scientific Literature and the Engineering Index. Within any 
particular type there are variations in format and details of 
arrangement, as will be observed by comparing the subject 
index of Chemical Abstracts with that of the Zentralblatt 
(Table 12). 

Certain details of placement are based upon arbitrary rules 
irrespective of the language in wLich the index is printed. A 
specific instance is the naming of organic ring compounds. 
ExamplevS of this feature ai'C numei'ous in every index. A 
second illustration is the use of Latin or Greek prefixes denoting 
numbers. The substance (CgHs) 2 may be entered under biphenyl 
in one index, under diphenyl in another. Information regarding 
such points is usually given in the introduction or preface to 
each index. 

An appi’eciation of the implications of subject headings is 
probably the most important factor in the successful use of a 
subject index. When an article is published dealing with some 
property of an element or eompouiid it must be assumed that 
uptJLCHER, G.S., ‘‘The Indexing of Scientific Ai*ticles/' The National 
Research Council, Washington, Reprint and Circular Series, No. 34, 1922. 
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the author first obtained a sample of the pure material. Con- 
sequently, if a method for the preparation of any substance is 
desired it should be found in a report on the determination 
of the atomic weight, melting point, boiling point, or some other 
property of that substance. The preparation of pure silver, for 
example, is more likely to be found by use of the heading ''Chlo- 
rine, atomic weight, than by searching for "Silver, preparation 
of.’’ 

This leads directly back to the staternent that experiments 
have settings. A mode of procedure must be established; 
apparatus of the right type must be properly assembled; raw 
materials must be obtained, vsuitably prepared, and tested for 
quality; concentrations, temperatures, pressures, and humidity 
must be controlled if necessary. Some of these features are 
essential to every experiment and therefore are implied in a 
subject heading calling attention to the published results. It is 
assumed that anyone using an index will have some knowledge 
of his subject and be able to visualize it in various settings other 
than the specific one contemplated. Even though the words 
he would use to express his idea cannot be found in the index 
he will still be able to locate the information through association 
and placement of that idea in other surrouiidings. Furthermore, 
antonyms as well as synonyms must be considered as headings. 
Also inversion of words may be employed to place an entry 
under a more general subject. If ferrous iron is oxidized some- 
thing must be reduced at the same time. Hence, when looking 
for information on "Iron, oxidation,” other entries such as 
"Manganese, reduction,” "Dichromate, reduction,” etc., should 
not be ignored. Other relationships may be equally helpful 
For example, knowledge of the composition of "Aluminum 
flake” was needed recently. The specifi.c entry was not found 
in any index, but a study of the uses of aluminum compounds 
indicated that some of them are employed in the rubber industry. 
Then a reference was located under "Hubber, compounding, 
aluminum in,” which gave the desired information. 

Another illustration involves a paper entitled "x4 Study of 
7-Iodo-8-hydroxyquinoline-5-sulfonic Acid as a Reagent for the 
Colorimetric Determination of Ferric Iron,”^ In the siibjec^t 

1 Yob and Hall, J,Am.ChemBoc,, 69, 872-9 (1937). 
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Table 12. — Samples of Subject Indexes of Abstract Journals 


Chem.ical Abstracts 

British Chemical 
Abstracts 

Chemisches Zentralblatt 

Copper. (See also 

Copper 

Kupfer 

Fungicides; Insec- 

forging of 

siehe aiich Galvanotechnik; 

ticides; Sprays,) 

hardening of 

Geschichte u. Allgemeines. 

affinity of metals for, 

thermal expansion 

Vorkommen. 

on aluminum wire, 

of 

Gewinnung, Verarbeitung 

annealing, 

annealed 

u. Verwendung. 

boiling point of, 

Copper alloys 

Weiterverarbeitung. 

books: 

Copper compounds 

Mechanische Formgebtmg: Wal- 

as catalyst, 

Copper salts 

zeii aiif einer Mannesmarm-Anlage 

cheni. and metallur- 

Copper arsenate 

Giessen v.* — Drahtbarren; Draht- 

gical properties of 

chlorides, basic 

5:iehverss . . . Kraft, Ziehen n. 

cohevsive forces of, 

halides 

Wandstarkev beiin Ziehen v.-— 

deformation of, 

Cupric bromide 

Rohren ohne Dorn. 

density and energy 

chloride 

Warmebehandlung : . . . 

changes in cold 

sulfate 

Yerweiidung. 

worked, 

suifide 

Physikal. Eigenschaften u. 

ductility in annealed, 

Cuprous chloride 

chem. Verhaiteii. 

elastic consts. of, 

iodide 

Mechanisehe Eigenschaften 

forgings, 

sulfide 

U n ter s\ic h un gsraethoden , 

gas pipes, 

Copper organic com- 

Analyse. 

Kupferlegieriinffen 

hardness of , 

pounds 

KnpferverbindunKeii 

oxidation. 

Copper detection, 

Iviipfer (I)-— bromid 

physical properties 

determination , and 

Kupfer (I I) — bromid 

of deoxidized, 

separation 

Kupfercblaride 

CuGl 

tensile fatigue 

Copper tubing 

CuCls 

strength of hard, 

Copper wire 

Kripferhalogeriide 

thermal resistance of, 
wire— see Wire 
working, 

Copper, analysis. 
Copper, metallurgy of 
Copper alloys. 

Copper bromides. 
Copper chlorides. 

CuCl 

maniif. of, 
prepn. of, 

CuGla 

Copper compounds, 
complex, of bivalent 
Cu, 

prepn. from burned 
pyrites, 

Copper fluoride. 

Copper halides. 

Copper salts. 


Kupfer (I)— 'jodid 

Kupferglanz 

Kupferzabl 
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index of Chemical Abstracts this article may be found under (a) 
5-Quinolinesulfonic acid, 8-hydroxy-7-iodo; (5) Iron, analysis, 
detn. of ferric; and (c) Ferron. Perhaps there is also an 
entry under {d) Colorimetry and (e) Reagents. Regardless of 
the specific headings would any inexperienced chemist, seeing 
these .entries, suspect that the article contains an excellent 
account of the general procedure for testing a compound to 
determine its suitability as a colorimetric reagent? If he were 
studying some other reagent and an alkaline earth metal, unless 
forewarned he would probably pass right by this work and so 
lose the benefit of Yoe’s 10 years’ experience in the field. 

When making a literature search, therefore, the first step is 
to prepare a list of subject, or search, headings both normal and 
inverted, placing at the top the most specific and at the bottom 
the most general that might include the desired information. 
Then as the indexes and articles are examined other headingvS will 
be suggested which can be added to the list until the search is 
ended or the law of diminishing returns stops the work. 

Suppose that the literature on coordination complexes is to 
be examined. With inversions ignored, probably the first 
headings to search would be 

Coordination 
Coordination complexes 
Coordination compounds 
Cooi'dination number 

Headings added later might include 

Bonds, CO valency 
Chelate compounds 
Chelation 

Cobalt, complex compounds of, 
coordination eompoimds of, 

Co valency 

Platinum, complex compounds of, 
coordination compounds of . . . 

Then, because their names are intimately connected with the 
development of oiir knowledge in the field, it would be well to 
examine the publications of 
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Hantzsch 
J0rgensen 
Sidgwick 
Werner ... 

Unsatisfactory headings for the search, because their relation- 
ships are too distant, would include 

Chemical compounds 
History 

Inorganic chemistry 
Nitrogen compounds 
Reagents 

Perhaps a better understanding of the whole problem can be 
gained from a study of Table 12 which contains a i^ortion of 
each of the three subject indexe>s mentioned there and covers 
essentially^ the same subject matter, viz., copper. Page numbers 
and apparently irrelevant entries have been omitted as well as 
minor typographical variations. Otherwise the headings are 
the same as those in the original indexes. Considering only 
this table, under which headings should one look for information 
about the ductility of copper or the solubility of eiiprous iodide? 
It will be immediately obvious that there is only one specific 
entry covering the former, none for the latter, but there are 
several that might lead to the desired data in both cases. Unfor- 
tunately no one can accurately predict the exact entry under 
which a particular item will be found, but certainly the possi- 
bility of success can be estimated from the relevancy of the 
entry to the property involved. 

Before considering the individual periodicals attention should 
be called to the fact that very often encyclopedia articles or 
reviews are more satisfactory than abstract journals as a starting 
point for a general survey of a field or preparation of a bibliog- 
raphy. These summaries, usually prepared by experts, indicate 
the important papers, give selected references, save considerable 
time, and furnish a good background for further work, 

BIBLIOGRAPHY 

General 

Reuss, Jeremias D., ^^Repertorium commentatiorium a 
societatibus litterariis editaruiix secundum disciplinarum ordineiii 


fi 

J it! 
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digessit,” J.D. Reuss, Gottingen, 1803. There are 16 volumes 
of which the third, “Scientia naturalis,” is devoted to chemistry 
and metallurgy and covers the period 1665-1800. This forms 
an excellent antecedent to the “Catalog of Scientific Papers” 
of the Royal Society. 

Royal Society (London), “Catalog of Scientific Papers,”- 
Cambridge University Press, London, 1914-25. This monu- 
mental index lists, alphabetically by authora, all scientific 
papers published during the nineteenth century. Subject 
indexes are being prepared, but the one for chemistry has not 
been issued. 

“International Catalogue of Scientific Literature,” published 
for the International Council by the Royal Society of London, 
1902-19. Intended to supplement the “Catalogue of Scientific 
Papers,” this work was issued in 17 parts for each year. Section D 
being “Chemistry, Author and Subject Index.” The financial 
burden became so great that activities ceased after publication 
of the 1914 volumes. 

Abstract journals 

Chemical Abstracts. Published twice a month on the tenth and 
twentieth by the American Chemical Society at Easton, Pa. 
(The editorial office is at Ohio State University, Chemistry 
Bldg., Columbus, Ohio), 1907- 

Indexes; 

In each issue— Author only 

Annual— Author, subject, formula (1920- ), patent 

number (1912-14, 1935- ) 

Cumulative — ^Author and subject decennially, 1917, 1927, 
1937 

“The most comprehensive periodical of its kind now appear- 
ing.” About 2,800 journals are searched for papers of a chemical 
nature, and some fifteen or twenty other abstract journals 
are checked to locate and rectify omissions. More attention 
is given to the subject index than to any other feature. Refer- 
ences in the indexes issued before 1934 indicate pages of the 
volumes cited. In January of that year a new format was 
adopted which made it advisable to number columns instead of 
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pages. Each reference carries a small exponent indicating, 
in ninths, the distance down from the top of the page or column 
that the abstract is to be found. The “Subject Index Key’' 
and “Formula Index Key" should be read to facilitate the use 
of these indexes. A list of the abbreviations employed and their 
significance will be found in each annual subject index. 

Chemisches Zentralblait. Published by the Verlag Chemie for 
the Deutsche Chemische Gesellschaft, Berlin. Issued weekly 
to form an annual volume of t^vo parts. This journal was 
started in 1830 as the Pharmaceutisches CentrahBlatt. The 
name was changed in 1850 to Chemisches-Pharmaceutisches 
CentrahBlatt, in 1856 to Chemisches Central-Blatt, and in 
1907 to Chemisches Zentralblatt. There w^as one volume per 
year down to 1889. Two volumes appeared annually from 1889 
to 1919, and four volumes from 1919 to 1924. During the latter 
period Vol. I and III were/ ^Scientific"; II and IV were “ Techni- 
cal" and covered the field formerly served by the Zeitschrift 
fiir angewandte Chemie. Since 1924 there have been two 
volumes each year. 

Indexes : ; 

In each issue— "Author only, on colored paper 

Semi-annual— Author, patent (1897"* ), subject (ISSO" 

1924) 

Annual — Subject, organic formula (1925-- ), correc- 

tions 

Cumulative— Author, subject, errors, 1870“81 

Author, subject, patent, errors, every 5 
years from 1897 to 1921 
Author, subject, patent, organic formula, 
and errors, for the periods 1922-24, 
1925-29, 1930-34 

^Trobably the most important abstracting journal because 
of the period covered." Many of the individual abstracts are 
more detailed than those in Chemical Abstracts. The organic 
and patent divisions are especially good; the latter, however, 
was of minor importance before 1918. During the period 1922- 
26 Bihliographia chemica was published as a supplement to the 
Zentralblatt. It contained a classified list of new books. This 
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material now appears in the journal itself and is specially indexed 
on the front cover of each issue. When using the subject index 
for the first time the Vorwort should be consulted for peculiari- 
ties of arrangement. A few examples are: ferric chloride is 
entered under ^^Eisen III chloride'^; abstracts of articles on 
patents (Patente, or Rechtsschiitze) may be entered under 
'‘Cheinische Industrie some English words have been borrowed 
by the Germans, as ^^crackeii^^ for ^^cracldng^' (in connection 
with petroleum).^ 

British Chemical Abstracts. The Bureau of Chemical Abstracts, 
London 1926- . Published in two parts: Part A, ^'Pure 

Chemistry/^ appears at the end of each month; Part B, ^LA^pplied 
Chemistry,” was issued fortnightly from 1926 to 1936 but now 
appears monthly as a supplement to Chemistry and Industry. 
It is usually bound >separately at the end of the year. This 
arrangement in two parts was started in January, 1926. Previ- 
ous to that date the Journal of the Chemical Society (London) 
published abstracts on pure chemistry, and the Journal of the 
Society of Chemical Industry issued abstracts on applied chemis- 
try (see below). There was, however, a great deal of duplication; 
hence the system outlined was inaugurated with the intention 
of ultimately combining Parts A and B under one cover. The 
final step may be taken in the near future. 

Indexes: 

In each issue— Author only 

Annual— Author, subject, patent, errata. A list of the 
journals abstracted is also given 

Cumulative— Author and subject for 1923-32, 1933-7 

In general, organic abstracts predominate in Part A, although it 
claims to cover ^Hhe whole of chemistry in its scientific aspects.” 
The arrangement of sections and material within a section is 
distinctly different from that in Chemical Abstracts. The 

^For a very good discusKsion of the 1925-29 cumulative index and the 
subject of classification in indexes JXhmn.Ediication 1% 

(1933). 

A long discussion of the Zentralblatt was published by Dannnon in the 
Z.angew.Chem., 26, 1614-23 (1912). Other material will be found in the 
following references: Pflucke, Ber., 62A, 132 ff. (1929); Willstatter, Z.angew. 
Chem., 42 , 1049-52 (1929), 
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abstracts are good, reasonably complete, and prompt. There 
are practically no patent references or new book entries. 

Part B is considered, in some respects, the best abstract journal 
available for technical subjects. It is, however, somewhat 
restricted as to the field covered. The English and United States 
patent abstracts are very good. New books are not mentioned. 


Article journals containing abstracts 


Bulletin de la Societe CMmique de France A La Societe Chimi- 
que de France, Paris, 1858™ . Abstracts were started in 

1863 following combination of the Bulletin with the Enpertoire 
de chimie pure et appliquee. The section on applied chemistry 
was issued separately as before. Down to 1892 the “ Memoirs 
and ^‘ Travaux” (abstracts) were published together and paged 
continuously. Then the abstracts of foreign papers were 
segregated and issued in a separate, even-numbered Amlume 
each year until 1920. Since then the Memoirs^’ have been 
published in the odd-numbered volume for each year, and all 
abstracts, both French and foreign, have been in the even- 
numbered volume. Individual issues appear monthly. They 
contain the memoirs and abstracts which are bound separately 
later. 


Indexes : 
Annual” 


”1863 Author only 
1864“” Author and subject 
Cumulative-^ — Author and subject for each of the following 
periods: 1858-74, 1875-88, 1889-98, 1899-1906, 1907- 
16, 1917-26 

(Note that memoirs and abstracts are indexed together.) 

The field of pure chemistry is incompletely covered. The 
abstracts are accurate and full but are not used very extensively 
in this country. 

Chimie & Industrie. Societe de Chimie Industrielle, Paris, 
1918- . Published monthly. 

Indexes: 

Annual— Author, subject, new books, patents (started 
with YoL 23, 1930) 

^ Od? Pam before 1907. 


PI 


m 
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Each issue has four divisions. The paging is consecutive for a 
volume, and in addition each division is paged separately; i.e., 
every page carries two numbers; the first refers to the whole 
volume, and the second, consisting of a number and a letter 
(123 D), indicates the page within the division. Index references 
give both numbers. There was one volume in 1918 and one in 
1919; since then there have been two each year. Volumes 1 
to 18 (1918-27) have a subject index for each division, placed 
at the front of the book; in Vols. 19 to 22 the index is at the back. 
The essential parts are the same in both cases. Starting with 
Vol. 23 (1930) there has been but one subject index, a combination 
of those previously issued plus a rather extensive patent-number 
section. 

Each issue of Chimie & Industrie contains a few articles which 
occupy less than half of the space. The balance is devoted to 
abstracts. These are good but somewhat tardy. This journal 
is probably the best source of infonnation regarding French 
patents. All abstracts have a decimal classification number. 

Journal of the Chemical Society, The Chemical Societ}^, 
London, 1841- . Published monthly between the twentieth 

and the twenty-fifth. The publication of abstracts started in 
1871 (Vol 24 or, N.S,, Vol 9), ceased in 1925. Abstracts 
were paged and indexed with the articles from 1871 to 1877 
(Vol 32). Starting in 1878 and continuing down to 1925 the 
journal published two volumes each year, the even-numbered 
volume being Abstracts,’’ Beginning in 1893 and continuing 
to 1925 the abstracts volume was divided into two parts: Part I 
was devoted to Organic, Physiological, and Agricultural Chemis- 
try; Part II contained General and Physical Chemistry. 

Indexes: (1882-1925) 

Annual— Author and subject. In Vols. 24-32 there is 
only one index for both articles and abstracts; sub- 
sequently the latter have been indexed separately 
Cumulative— Author, subject, corrections, and additions 
for each of the following periods: 1873"82, 1883-92, 
1893-1902, 1903-12, 1913-22 

As indicated in the discussion of British Chemical Abstracts, 
Part A, the summaries appearing in the Journal of the Chemical 
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Society are concerned chiefly with pure chemistry. They are 
sufficiently complete and uniformly \vell prepared.^ 

Journal of the Society of Chemical Industry, The Society of 
Chemical Industry, London, 1882- . Now published weekly 

on Friday as Chemistry and Industry.^’ Paged consecutively 
with other material down to 1918. Starting with VoL 37 the 
journal was, and still is, divided into three parts: Review (R), 
Transactions (T), and Abstracts (A), each paged separately, 
the page numbers being accompanied by the appropriate letter 
as indicated. The intention, when making this change, was to 
have the abstracts division appear in alternate issues. Down to 
1937, however, the output was so large that almost every number 
contained some abstracts. Then the policy was adopted of pub- 
lishing a separate abstracts section at the end of each month, thus 
conforming with the Part A system. 

Indexes: 

Annual — iUithor, subject, patent, and errata. A list of 
the journals covered is included 
Cumulative— Author and subject, also errors for the 
periods 1882-95 and 1896-1905 

In many respects this is considered the best abstract journal 
for technical subjects. In the past its field has been limited. 
The patent literature has been well covered. 

Zeitschrift fur angewandte Cheniie, Verein Deutscher Chemi- 
ker, E.V., Berlin, 1888- , Published weekly on Saturday 

as “Angewandte Chemie^^ the name having been changed in 
1932. 

Indexes: 

Annual— Author, subject, and patent; also corrections 
Cumulative— Author, subject, and patent for the periods 
1887-1907 and 1908-27 

Before 1919 the Chemisches Zentralblatt published very few 
abstracts of technical articles. Hence anyone wishing such 
material should refer to Angewandte Ghemie, which appeared 

^ The abstract of an article on bivalent carbon by J.U. Nef occupies nine 
pages [J.Che7n.Soc.j 74, 1, 102 (1898)]. This is the longest abstract that the 
writer has encountered. 
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in one volume 1888-1903, in one volume of two parts 1904-12 
.n three parte 1913-18. Abstract,, patent abelacte, arwl’ 
and a commercial news section appeared in each issue consS 
cutively paged throughout the year from 1888 to 1912 Durinv 
the penod 1913-18 one volume of three separately paged S 

<^^913-18) is 

Abstracts in special fields 

^ e are many journals, including trade organs de voter! 

0 specia phases of chemistry. Some of these publications 

N^ateTOt rff bf “fT to the field considered. 

iNo attempt will be made here to give a coniDlete . t 

journals, the ob,iect being to indicate the variety available. ‘ 
early issuls. the 

Annales de cUmie analytiquc d de chimie appUquee et rorw dr 

tr/risi 

’ ' • a he Revue was absorbed in 1898 

Lxpennierd Station Record. 1889- rw r n 
to the various plow* of ..rirult™ Th,'. “ol'“''«ly 

the periods 18^9-1901 19oi-Ii ' ' 

of all articles on the foreign iron, steel, and led indnSA* 

'r’Tif “"tinsis. 1884- 

■^oUoid’-ZeitschrifL 1906- 

Zeiischrift fllr analytische Chemie. 1862- Thero J 

cumulated index for every 10 volumes. • dbeie is a 
the Ammcan Leather Chemists’ ^ 190 g_ 


Abstracts in related fields 

Biological Ahatracts. 1926- 
applied biology. 

Physiological Abstracts. 1916- 
physiology and biochemistry. 
Science Abstracts A. TOn.^!- 


■ Covers theoretical and 
■ Covers plant and animal 

PIivsir*.«3 
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AgncuUu?'al Index. 1916- 
Engineermg Index (New York). 1906- 
Index medicus. 1879- . During the period 1899-1902 

this index was published in France as Bibliographia Medica. 

Industrial Arts Index. 1913- . Published monthly and 

cumulated in full quarterly, yearly, and biennially. 

Repertorium der technischen JournaLLiteratur. 1823-1908. 
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REVIEW AND MONOGRAPH SERIES 

“ Too many diligent investigators spend valuable time and 
effort rediscovering facts recorded years before." 

REVIEWS 

A review is a survey of the literature published during a certain 
period. It may be a critical evaluation of the ideas advanced and 
their supporting data or merely a summary. Often the field is 
limited not only as to time but also as to subject matter, country, 
and author. Reviews may appear as short article.?, monographs, 
or books. When an element of relationship enters, the group 
thus connected usually is called a “review series.”^ Typical 
examples are the annual reports, yearbooks, Fortschrittsberichte. 

History 

Historically considered, reviews have exercised an influence IL 

on the advance of chemistry second only to that of the abstract ; | 

journals. Soon after the establishment of Crell s journal, 
seienti.sts realized that something more was needed; but it was 
irot Aintil 1795 that the first review series was started, viz., 
the “Berlinisches Jahrbuch der Pharmacie.” A few years later !■ 

(1821) Berzelius founded his Jahresbericht in which he undertook ' ■ 

to survey critically the scientific advances of each year. His 
work was so important that it appeared in Swedish and in 
German. As the years passed similar journals were founded, 
but with the rapid increase in chemical knowledge it soon 
became impossible for any one man adequately to survey the 
entire field. Annals were established, each devoted to one 
aspect of chemistry, e.g., organic. Later, specialists wmre 
required for the various phases of a division. With the diversi- 
fication of effort the older type of review lost its prominent 
position so that today there are only a few outstanding survey 

^ A “series’* Iras Leen defined as “a number of books published in the 
same style, each of which is complete in itself, but all of which have some 
common point of interest.” 
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series, but review articles will be found in a number of journals 
and monograph series (see Table 13). Among the more impor- 
tant yearbooks are the “Annual Keports of the Chemical 
Society,” the “Report of Progress of Applied Chemistry” of 


Table 13. — Periodicals Frequently Publishing Reviews 


Title 

Date 

started 

Remarks 

CheniiGal Reviews 

1924 

Issued quarterly. Has col- 
lective author and subject 
indexes for Vols. 1-10. 

Fortschritte der Cliemie, Physik, 

1909 

Critical reviews. Has collec- 

und physikalische Cheraie. 


tive index for Vol. 1-5, 6-16. 

Annales de Chimie 

1789 

Contains comprehensive pa- 
pers summarizing the au- 
thor’s own work previously 
published elsewhere as prog- 
ress reports. 

Annales de Physique 

1789 

Contains comprehensive pa- 
pers summarizing the au- 
thor’s own work previously 
published elsewhere as prog- 
ress reports. 

Kolloid Beihefte 

1909 

Contains comprehensive pa- 
pers summarizing the au- 
thor’s own work previously 
published elsewhere as prog- 
ress reports. 

Angewandte Gheinie 

1888 

See indexes under *^Fort- 
schrittsberichte.” 

Chemiker Zeitung 

1877 

See indexes under “Fort- 
schrit tsberiehte, ’ ^ 

Zeitsehrift ftir Elektrochemie 

1894 


Chemical and Metallurgical Engi- 

1902 

See especially the Januaxy 

neering 


number. 

Industrial and Engineering Chem- 

1909 

See especially the September 

istry 


issue. 


the Society of Chemical Industry, the “Mineral Industry,” 
and the “Annual Survey of American Chemistry,” to mention 
only a few of more general interest (cf. Table 15). All four are 
excellent, but there is at least one serious impediment to their 
use: The individual articles are not mentioned in the abstract 
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journals. Normally the demand is for a review on a particular 
topic for a certain period. A search of the subject indexes 
reveals nothing. Consequently the only way to find a desired 
review is to examine the individual series. At first this may 
seem tedious, but with a little experience one soon becomes 
familiar with the type of review appearing in any given series 
as well as the authors and various indexes. For example, there 
are collective indexes to the first 20 volumes of Chemical Reviews; 
the summaries in Angewmndte Chemie are all listed in the 
annual subject indexes under “Fortschrittsberichte”; certain 
men have been writing the reviews in the Annual Reports for 
many years. Of course one might prepare a subject index of 
the reviews in his field. Once assembled on cards there would 
be practically no trouble in keeping it up to date. 

Quality 

The quality of a review depends almost entirely upon the 
knowledge and judgment of its author. A good reviewer must 
be an expert in the field covered, therefore is able to express a 
reliable opinion about the worth of any contribution in that * 
division. He is unbiased, hence endeavors to show the relative 
position of each article and the general trend of research activi-' 
ties. Furthermore, if selection is necessary, he chooses the 
important material and does not give a distorted impression 
of the state of affairs by omitting valuable data or placing undue 
emphasis on minor issues. Finally he includes references to all 
articles mentioned. 

Usefulness 

The usefulnesvs of a review is apparent to a busy chemist who 
must keep abreast of the advances in fields allied to his own. A 
review series, for him, is distinctly superior to an abstract 
journal because the abstracts are non-critical, unorganized, and 
only superficially classified. On the other hand, it is the pur- 
pose of a review to evaluate and coordinate the articles con- 
sidered. Of course the abstract of a given paper is generally 
longer than the review. The difference is of minor significance 
here because the reader is particularly interested in the features 
just mentioned and the problem actually faced, i.e,, whether 
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he must spend the time required to prepare a desired summar^^ or 
can utilize the work of others. This same point frequently 
arises in another way. A review, except for arrangement, is 

Table 14.— Summaey of Reviews Appeaeing in the Annual Ebpoets 
OF THE, Chemical Society 
S ubject In Reports 

Agricultural cheniistiy 1904-23 

Analytical chemistry 1904- 

Biochemistry 1924- 

Catalysis 1928 

Colloids 1924,1925,1931 

Crystallography 1908, 1917, 1910-29, 1931, 1933, 1935 

General and physical chemistry. .... 1904- 

Geochemistry 1930, 1932 

Inorganic chemistry 1904- 

Kinetics... 1927 

Mineralogical chemistry. 1904-7, 1909, 1915, 1917, 1921-29 

(odd-numbered years only) 

Molecular structure. . 1931 

Organic cheinistry . 1904- 

Photo-chemistry 1925 (covers period 1914-25) 

Physiological chemistry.. ...... 1904-23 

Radio-activity. 1904-14 (except 1908), 1916-32 (even- 

numbered years only), 1933- 

Solutions, electrical conductivity 1930 

Spectroscopy. ..1926 

Stereo-chemistry 1904-09 (except 1908) 

Subatomic phenomena — ......... 1922-32 (even-numbered years only) 

, .T933-''; ■ 

practically an annotated bibliography. When such a com- 
pilation is needed it may often be obtamed quickly and easily 
by using a review as a basis and merely bringing it down to date. 
A beginner too frequently presumes that the only way to assemble 
a bibliography is to start and end with the abstract journals, 
but with a little experience in locating reviews and other sources 
he learns that devotion to an abstract journal may be a sheer 
waste of time. It may be well to repeat the statement that 
reviews cannot always be found by .searching the abstract 
journals. Many very good reviews are not mentioned in 
Chemical Abstracts or the Zentralblatt. A tyro may conclude 
that they do not exist or, if a little more advanced, that it will 
take more time to find a particular review than to collect the 
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Date 


1795-1840 

1811-1833 


1822-1851 


1847-1910 


1855- 


1858- 


Title 


Berlinisehes Jahrbuch der 
Pharnuicie 

Jahrbuch der Chemie und 
Physilv 


Jahresbericht uber die Port- 
schritte der Chemie und 
Mineralogie (Tub ingen ) 


Jahresbericht liber die P’ort- 
schritte der Chemie und 
verwandter Theile anderer 
Wissenscliaften 


Jahresbericht liber die Fort- 
schritte der chemischen 
Teclmologie 


Jahresbericht furAgrikultur- 
Chemie (Berlin) 


Remarks 


Title altered several times 


Yols. 1-30 published as Beitrage; 
Vols. 31-60 also issued as Jahr- 
bueh der Chemie . . . ; Vols. 
61-9 also appeared as Neues 
Jahrbuch . . . ; finally united 
with J. flir technische und 
oekonomische Chemie to form 
the J. prakt. Chem. 

A translation of Sec. 3 of Berzelius 
^‘Svenska vetenskaps kademien 
arsberaettelser,” There is an 
index to Vols. 1-25 

Liebig und Hopp (Giessen). Title 
varied. There were two divi- 
sions: Inorganic and Organic. 
Decennial indexes except that 
the last few are for shorter 
periods 

Wagner (Leipzig ) . N ame changed 
several times. The present 
name is ^^ Jahresbericht liber die 
Leistimgen der chemischen Tech- 
nologie, rnit besonderer Berlick- 
sichtigung der Elektrochemie 
und Gewerbestatistik.” Decen- 
nial indexes for Vols. 1-50; also 
patentindex 1878-1924, 1925-35. 
Now in two parts: Inorganic and 
Organic. The summaries are in 
the nature of abstracts. There 
is an author, subject, and patent 
index for each part. The or- 
ganic section contains a new 
book list and statistical tables, 
both indexed 

Name varies slightly. Vbi. 66 
for 1923 issued in 1926; cumu- 
lative indexes for Vols. 1-20 
and 21-40 
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Table 15. — Yearbooks. — {Continued) 


Date 


1865-1901 


1871-1919^ 


1873-1881 


1878-1905 


1883- 


1891-1918 



1892- 


Jalirbuch der Erfindungen 
iind Fortschritte a\if den 
Gebieten der Physik und 
Chemie . . . (Leipzig) 

Jahresbericht iiber die Fort- 
schritte der Tier-Chemie, 
Oder der physiologischen 
und pathologischen Chemie 
(Wiesbaden) 

Jahresbericht tlber die Fort- 
schritte auf dem Gebiete 
der reinen Chemie (Tubin- 
gen) 

Technisch-chemisches Jaln*- 
biich 


Mineral resources of the 
United States 

Jalirbuch der Chemie 


Mineral Industry 


Remarks 


Cumulative indexes for Vols. 1-5, 
6-9, 10-11, 12-24 


Subtitle varies. Superseded by 
Jahresbericht ilber der gesamte 
Physiologic. . . . Decennial in- 
dexes for Vols. 1-40 (1871- 
1909) 


Biedermann. Covered the gene- 
ral field of industrial ehernistry. 
Vols. 1-3 issued as supplements 
to the Cheniiker-Kalender 
Issued by tlie IJ.S. Geological 
Surve.Y to 1924, subsequently by 
the Bureau of Mines 
Richard Meyer (Braunschweig). 
“Bericht iiber die neuesten und 
wichtigsten Fortschritte der 
reinen und angewandten 
Chernie.^^ Decennial index for 
Vols. 1-10. Contains leather 
full and somewhat critical re- 
views of the most important 
articles and books appearing 
during the year. Each section 
is by an authority; e.g., in Vol. 1 
Waither Nernst contributed the 
material on physical chemistry 
Its statistics, technology, and 
trade. “The object . . . is to 
bring together as complete a re- 
cord as possible of the year’s 
progress in the mining and 
metallurgical industries. It is 
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Table 15, — Yearbooks. — {Continued) 

Date Title Remarks 


not intended simply as a com- 
pilation of production statistics/^ 
Scope international. Subjects 
are alphabetically arranged. 
Published by McGraw-Hill Book 
Co. 

1892“ Deutseher Farbenkalender 

1894-1909 Jahrbucb der Elektrochemie Nernst and Borchers (Haile a.S.) 

iind angewandte physikaHs- Abstracts classified under about 
chen Chemie 20 subjects 

1899-1918 Rej>ertoire generale de 
chimie pure et appliquee 

1904- Annual Reports of the Table 14. Only the more inipor- 
Cheinical Society tant contributions are cited. 

International in scope 

1907-1932 Jahrbuch der organisclien Schmidt (Stuttgart). Each vol- 
Chemie iime contains a general part, 

then special divisions, and finally 
an appendix of (1) literature 
bibliography (chiefly books), (2) 
deaths during the year of out- 
standing organic chemists, (3) 
author index, (4) subject index 
1907- Science Progress An English quarterly publication 

covering various fields of science 
1909-1924 Jahrbuch der Radioaktivitat Merged with Physikalische i5eit- 
und Elektronik (Leipzig) schrift after Vol. 20, Pt. 4 
1916™ Applied Chemistry Reports Arranged same as B.C. A., Sec. B. 

(of the Soc.Ch.Ind.) Internatioiml in scope 

1922- Chemie-Buchlein. Ein K.H. Bauer, editor 
Jahrbuch der Chemie 

1922- Jahresbericiit der chemisch- Verlag Chemie. Vol, 4 for 1924- 
technischen Reichsanstalt 25 issued in 1926 
1926-1935 Survey of American Chein- National Research Council. 

istry general the articles have been 

drawn up to cover the funda- 
mental subjects of present day 
interest.’^ Both pure and ap- 
plied chemistry are included 
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Tabus IS. — Yeakbooks. — (Continued) 


Date 

Title 

.Rem aides 

]927-33(?) 

Standards Yearbook 

IJ.S. Bureau of Standards 

1927- 

Vom Wasser, Ein Jahr- 
buch fill- Wasserchemie und 
Wasserreinigimgstecimik 

Published by Verein deutscher 
Chemiker 

1931- 

British Plastics Year Book 

^‘The handbook and guide to the 
plastics industry , published by 
Plastics Press, London. There 
are eight sections among them 
being a list of producers, world 
plastics iournals, trade names, 
and a “Who’s Who” 

1932- 

j 

Annual Review of Biochem- 
istry 

! ' 

Published by Stanford University 

1 Press. “The Annual Review 

1 , . . will present from year to 
year reviews of the current 

1 developineiits in from twenty- 
1 five to tliirty of the major fields 
^ of interest” 


For additional reviews see: 

Gregory, Union List of Serials. 

Geane and Patterson, o?j. ctL, pp. 135-6. 

National Research Couiieii. Vol. 1, No. 3. Periodical Bibliogniphics and Abstracts for 
the Scientific and Technological Journals of the World. 

Bolton, Bibliography of Chemistry. 

references one by one. In order to familiarize the beginner 
with some of the important sources Tables 13 to 15 have been 
compiled. The first lists a few of the periodicals frequently 
publishing reviews; the second is an index of the subject.? treated 
in the “Annual Reports of the Ghemical Society”; the last 
attempts to give some notion of the number and variety of 
annual surveys that are available. 

MONOGRAPHS 

The term “monograph” is not easily defined when applied to 
chemical literature because it normally carries three implications: 
length, breadth of subject, and connection with other reports, 
any or all of which may be ignored in a particular instance. A 
monograph is supposed to be longer than an “article” and yet 
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Table 16. — Monograph Series 


Publisher 

Series title and editor 

Start- 

ed 

Remarks 

Akademische Ver- 
lagsgesellschaft, 
Leipzig. 

Ergebnisse der ange- 
wandte physikalische 
Cheinie, M. LeBlanc 

1931 

VoL 4 (1936) deals 
with water and sew- 
age 

Akadeinische Ver- 
lagsgesellsehaft, 
Leipzig. 

Handbuch der allge- 
meinen Chemie, Ost- 
wald and Drucker 

1918 

VoL 9 (1937), Fricke 
and Hixttig, ‘‘Hy- 
droxides and Oxide 
Hydrates 

Akademische Ver- 
lagsgesellscliaft, 
Leipzig. 

Akademische Ver- 
lagsgesellschaft, 
Leipzig. 

Hand- und Jahrbuch 
der cheinischen Phy- 
sik, Eucken and Wolf 
Physik und Chemie in 
ihre Anwendung in 
Einzeldarsteliung 


To be 12 vols. 

Two issues in 1936 
were Klemm, “ Mag- 
net ochemie ” ; Weiz- 
silcker, Atomkerne^^ 

American Chemical 
Society, Washing- 
ton (cf. Reinhold). 

Cliemical Reviews, G. 
Wendt 

1924 

There is a subject and 
author index for Vols. 
1-10 

Bailliere, Tindall & 
Cox, London. 

Industrial Chemic^al 
Series, Barnett 

1921 

Comprehensive sur- 
veys of the chemical 
industries. There 
were IS titles by 193f3 

Barth, J.A., Leipzig, 

Handbuch der ange- 
wandte physikalische 
Chemie in Einzeldar- 
steilung , G. Bredig 

1905 ; 

Eminent authors, such 
as Paul Walden and 
Foerster, have con- 
tributed to this series 

Blackie & Son, Lon- 
don. 

Cambridge Univer- 
sity Press, Cam- 
bridge, England. 

Manuals of Pure and 
Applied Chemistry, 
R.M. Caven 
Cambridge Series of 
Physical Chemistry, 
E.K. Eideal 

1928 

Five titles by 1933 

Two recent titles are 
Kronig, “Optical 
! Basis of the Theory of 
Valency^' (1935); and 
Farkas, ‘ ‘ Orthohy- 

drogen, Parahydro- 
gen and Heavy Hy- 
drogen.^ ^ (1935) 

Chapman and Hall, 
London. 

MonographvS on Ap- 
plied Chemistry, 
E.H. Tripp 

1928 

Vol 9 (1935) Glass- 
tone and Hickling, 
‘‘Electrolytic Oxida- 
tion and Reduction 
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Table 16 . — Monoqeaph SERiEs.—CC'ojiimtwd) 


Publisher 

Seiies title and editor 

Start- 

ed 

Remarks 

Chemical Catalog 
Co. (See Rein- 
hold). 

Constable & Co., 
London. 

Outlines of Industrial 
Chemistry, G.D. Ben- 
gough 

1920 


Cornell University 
Press, Ithaca, 

N.y. 

George Fisher Baker 
Non-resident Lec- 
tureship in Chemis- 
try 

1926 

Two recent titles: 
Hahn, ‘^Applied Ra- 
diocheinistry and 

Bragg, W.L. ^‘Atom- 
ic Structure of Min- 
erals’^ 

Enke, F., Stuttgart. . 

Bibliothek filr Chemie 
imd Technik, L. Va- 
nin o 

1931 

No. 24. Kaiiseh, ‘‘Hy- 
drofluoric Acid, Hy- 
dro fluosilicic Acid and 
Their Metal Salts” 
(1936) 

Enke, F., Stuttgart. . 

Die Cheniische Ana- 
lyse, Win. Bottger 

, 1907 

Every investigator in 
analytical chemistry 
should be familiar 
. with this series. No. 
37. Prodinger, “Or- 
ganic Precipitating 
Agents in Quantita- 
tive Analysis ” ( 1 937) 

Enke, F., Stuttgart.. 

Sammlung chemischer 
iind chemisch-tech- 
nischer Vortrage, 
F.B. Ahrens 

1896 

j An outstanding series. 

No. 36. Wohryzek, 

; “Activated Decolor- 
izing Charcoal” 
(1 9 3 6). N o . 37. 
Briegleb, “Intermo- 
lecular Forces and 
Molecular Structure” 
(1937) 

Gurney and Jack- 
son, London. 

Transactions of the 
Faraday Society 

1903 

One or two “General 
Discussions ” or sym- 
posia are published 
each y ear . The 
sixty-fifth appeared 
in January, 1937 


mm 
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Table 1G. — MoNoaEAWi Skbjbs. — (Continued] 


Publisher 

Series title and editor 

Start- 

ed 

liemarks 

Hartlebeii, A,, Vi- 

Gheniisch - technische 


No, 402. Winkler and 

enna. 

Bibliotliek 


Rich , ‘ Spiegeliabri- 

Hermann & Cie., 

Actiialites scientili- 


kation” (1930J 

There were several di- 

Paris. 

ques et iiidustrielles 


visions containing 

Hirzel, S., Leipzig. . . 

! Chemie und Techiiik 

1923 

over 500 titles by 
1937 

Hirzel, S., Leipzig. . . 

der Gegeiiwart, W. 

I Roth 

Leipziger Vortrage, 

1930 


Knapp, W., Halle 

1 Paul Debye j 

■ Monographieii ilber | 

1902 

Vol. 52 was published 

. 

Knapp, W., Halle 

' aiigewaudte Elektro- ; 
chemie, V. Engel- 
hard t 1 

Monngraphien h 1 >in‘ 

1906 

in 1933 

No. 57. Kiar, Man- 

Lockwood, Crosby 

oheiuiseh - technische 
Fabrik ationsnuithod - 
en, L.M, Wohlge- i 
muth 

Manuals of Chemical 

1916 

ufa<uure of Al>st)iute 
Ah‘ohol for l‘so in 
Motor Fuels ” (1936) 

and Son, London. 

Longmans, Green & 

Technolog.y, GcolT:- 
rey Martin 
Monographs on Bio- 

1010 

The famous Plimmer 

Co., New York. 

chemistry, Pliinmer 


series 

Longmans, Green & 

and Hopkins 
Monographs on In- 

1920 

There were 14 titles 

Go., New York. 

dustrial Chemistry, 


by 1936 

Reinhold Publishing 

Sir Edward Thorpe 
American Chemical 

1918 

Scientific and techno- 

Corp., New York, 

Society Monograph 


logical. No. 73. Eg- 

N.Y. (Successor 

Series, W.A, Noyes 


lofi, ^Gteactiuns of 

to the Chemical 

and H.E. Howe 


Pure Hydrocarl )ons ’ ’ 

Catalog Co,) 
Reinhold Publishing 

Colloid Symposium 

1923 

(1937) 

The National Re- 

Corp., New York, 

Mouograpiis, H.B. 


sea n*h C’Ouncil has 

N.Y, (Successor 

Weiser 


puljiished an index to 

to the Chemical 
Catalog Go.) | 

I . 1 


Vols. 1-10 






BmiEW AND MONOGRAPH SERIES 
Ta-Ble 16. — Monogkaph Series. — {Continued) 


be bound separately or together with other papers. With respect 
to the former, if the author and the approximate date of publica- 
tion are known, author indexes of the abstract journals should 
be helpful, as should also the “United States Catalog” and 
foreign book lists of the same nature. If the treatise is owned 
by the local library, the card catalog may have an author entry. 
The book, however, may be one of a series. Individual author 
cards are then frequently omitted, and one entry for the whole 
group is placed under the editor’s name, especially if he is well 
known. When the title or merely the subject is available the 
subject indexes of the abstract journals and the title and subject 
cards in the catalog should be examined. Here, again, the 
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search is more likely to be successful if the series title is known 
because in a library catalog all issues of a series are entered under 
the series name in volume-number order. If a German publisher 
has issued the series, the ^'Deutsches Bucherverzeichnis ” will 
contain, under the series title, a complete list of the monographs 
published during the period covered. In addition there will 
be the author^s name, date of publication, size, and price. 
Occasionally the catalog of an English or American publisher 
will contain lists of his monograph series, but the date of publica- 
tion is seldom included. Finally, if a book of the series is 
available, usually in the front or back advertising section a 
list will be found of all monographs in the series together with 
the author, title, price, etc. Often books ^rin preparation^^ 
are also mentioned. 

The search for a monograph forming only part of a book is, 
in general, the same as that just outlined except that the library 
catalog is very likely to be of less service. Owing to the difficul- 
ties encountered by many students in locating these shorter 
monographs a rather detailed list of sources has been included 
in Table 16 which, with the references given, should be of 
material assistance. This type of literature is too valuable to 
be ignored just because it cannot be readily found. 

Symposia articles 

Strictly speaking, a symposium is a collection of comments or 
opinions, a group of brief articles on the same, or different, 
aspects of a subject. Frequently both reviews and monographs 
are involved. Sometimes the subject is comprehensive (Colloid 
Symposia); frequently it is restricted to a small field (Dipole 
Moment). In any case it is not difficult to find the published 
papers, because they are treated as new material by the abstract 
journals. Incidentally, many symposia have been sponsored 
by the Faraday Society, and the papers have been published 
in the Transactions. The American journal Industrial and 
Engineering Chemistry has also given space to several symposia 
during the past few years. 





CHEMICAL DICTIONARIES AND ENCYCLOPEDIAS 

‘‘Few people ask from hooks what books can give. ...” 

Virginia Woolf 

The primary function of a dictionary is to define words and to 
give their meaning, pronunciation, usage, etc. An encyclopedia 
describes things. If this distinction is applied it soon becomes 
evident that many books entitled Dictionary . . . are 
slightly to almost wholly encyclopedic in nature. For example, 
Hackh^s “Dictionary of Chemistry is devoted principally to 
definitions, but frequently descriptive passages are found such 
as that on the Lewis-Langmuir theory (pp. 423-4 of the first 
edition). At the other extreme Thorpe \s “Dictionary of 
Applied Chemistry ” is concerned largely with descriptions of 
materials and processes, hence should be classed as an encyclo- 
pedia. In the following discussion, attention will be directed 
first to the descriptive books and then to those that are chiefly 
dictionaries regardless of titles. Furthermore, although they 
do contain many articles of chemical interest, the more general 
reference works will not be considered.^ 

Purpose 

Probably one of the most important functions of an encyclo- 
pedia is to serve as the basis for a comprehensive literature 
search. The articles, usually written by experts, contain 
authoritative summaries of our knowledge down to the time of 
writing. They reveal the status of the subject without bias and 
thus help an investigator to secure orientation and perspective. 
In addition, the bibliographies are guides to the more important 

^ Incidentally the Italian encyclopedia t^Enciclopedia Italiana di Scienze, 
Lettere ed Arti,” Istituto Giavanni Treccani, Roma, 1929- (Vol. 32, 
1936). is one of the best in quality and liii mber of illustrations. Ail articles 
are signed. There are many good bibliographies, biographies of livdng 
persons, aiubportraits. Professor Parravano is editor of the articles dealing 
with chemistry. 
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original sources and represent library work already done which 
it should be unnecessary to repeat. 

Use 

When consulting an encyclopedia for the first time, always 
read the preface or introduction for information regarding the 
object, scope, and arrangement of the work. Special aids should 
be noted. Even though the entries are in alphabetical order, 
many encyclopedias have an index in each volume and a cumu- 
lated index in the last number. This feature is of value for 
cross references and location of subject matter not revealed 
by article titles. Possibly there are corrections, addenda, or 
supplementary volumes. If so they will require examination for 
relevant data. Since encyclopedias are often issued serially, 
the date of any section consulted is of importance. If abbrevia- 
tions are used the key to their meaning should be located. 
Finally, the publication of a good encyclopedia is very expensive, 
calling for experienced writers and able editorial supervision. 
Consequently the reputation of the publisher and editorial staff 
in addition to that of the authors of the various subdivisions 
should be indicative of the worth, of the whole comi.)iIation. 
The essential points, therefore, in determining the standing and 
usefulness of an encyclopedia, or any other reference book, are 
(a) authority of the data, including accuracy, completeness, 
and age; (h) bibliography (none, full, well selected); (c) mechani- 
cal arrangement; and (d) the group responsible for its production, 

BIBLIOORAPHY 

Encyclopedias 

A. Predominantly pure chemistry 

FiiiiMY, M.E. (ed.), ^^Encyclopedie chimique,” H. Dunod, 
Paris, 10 “tomes plus an index, 94 vols., 1882-99. The 
following topics are included: 

I. History of chemistry with a brief biograpliy of each 
of about thirty-five chemists. 

Summaries of advances in various fields of chemistry. 
Selected topics in physical chemistry. 

Description of various European laboratoriefe. 
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II. Inorganic chemistry, metailoids. 

III. Inorganic chemistry, metals. . 

IV. Inorganic analysis. 

V. Applications of inorganic chemistry. 

VI~~X. Organic chemistry, 

A table of contents for each volume is given in Vol. 94, pp. 
VI~VIII. 

This is an elaborate work but chiefly of historical value. 

Ladenburg, a. (eel.), ''Handworterbuch der Chemie,’' 
Eduard Trewendt, Breslau, 13 vols. and a table of contentKS, 
1882-95. This work covers pure chemistry including theoretical 
and physical. It is said to be very good for historical material. 
There is an extensive bibliography at the beginning of each 
division. All articles are signed. Each volume has an index 
and list of errors. The ^A^orwort” in Vol. I should be consulted 
for arrangement and nomenclature. 

“Watts^ Dictionary of Chemistry,” Longmans, Green & Co., 
New York, 4 vols., 1888-94. Apparently this revised edition 
has been reprinted twice, the first time in 1898-1901, and the 
second time in 1918-27. 

The first edition of this book, published in 1863-7, 'was edited 
by Watts and bore the title Dictionary of Chemistry and the 
Allied Branches of Other Sciences. Founded on that of the 
late Dr. lire.” It devoted considerable space to chemical 
technology. The last edition was prepared by H. F. Morley 
(organic section) and M. M. P. Muir (general and inorganic 
sections) who restricted the discussion to pure chemistry, 
especially the application of physical methods (see the special 
article “Physical Methods Used in Chemistry”). Except for 
the division entitled “Analysis” little or no attention is given to 
details of analytical chemistry. There are, however, certain 
exceptions such as the section on arsenic. Considerable space 
is devoted to important theories and principles, also to general 
surveys, e.g,, “Alkali Metals,” “Carbon Group of Elements,- ^ 
^‘Oxides,” “Hydroxides,” f^Hydrates,” and “Amines.” 

The general arrangement is alphabetical, but the subject 
headings are not altogether conBistent especially where inversion 
is possible. The following are to be found under the letter 
underscored: “Composition, chemical”; “Chemical change”; 
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^^Equilibrium, chemical,” ^'Metals, rare”; ''Noble metals.” 
There is no index, but the introduction to eacdi part gives an 
explanation of the plan of assembly. In the inorganic section 
the elements are described in alpliabeticui order. After each 
element its binary compounds are listed. All otlier salts are 
discussed under the appropriate acid radical. There are also 
special articles on tlie alums and other salt groups of importance. 
Addenda to the inorganic subjects will be found in Vol. IV. 

The plan, in the organic division, is to treat each compound 
separately covering physical properties, preparation, purification, 
and main reactions. Many special sections have been introduced 
such as "Azo compounds,” "Ammonia derivatives of benzalde- 
hyde,” "Organic derivatives of Sb, As, and Bi,” and "Action of 
aluminum chloride.” 

This book is old, but the recent reprinting is proof that in many 
respects it is still very valuable not only because it gives a good 
summary of each subject but also for the matiy references to be 
found scattered throughout the text. 

B. Chiefly applied chemistry 

Dammae, 0., "Cheinische Technologic dor Neuzeit,” F. 
Enke, Stuttgart, 2d ed., 5 vols., 1925-32. This edition was 
prepared by Peters and Grossman. The entries are yqtj brief. 
[Cf, review by Olin, Ind.Eng.CJieni., News Ed., 12, 131 (1934).] 

Muspeatt, J.S., "EncyklopMisches Handbucii der Tech- 
nischen Chemie,” F. Vieweg und Sohii, Braunschweig, 4th ed., 
11 vols. plus 5 supplements and a general index, 1888-1922. 
The first edition, in English, was written by Muspratt and 
published as two volumes in 1854-62. It was entitled "Theoreti- 
cal, Practical, and Analytical Chemistry in Use in Art and Trade. 
Encyclopedic Handbook of Applied Chemistry.” The fourth 
edition, in German, was begun by Stobmanii and Kerl; the 
supplements were completed by Neumann, Binz, and Haydiiek. 
Volumes 1 to 8 were published between 1888 and 1905, the 
others as indicated in Table 17. 

The topics are arranged alphabetically. Each volume has a 
good table of contents, and there is a separate volume containing 
an index to the entire set. Some of the topics arc exhaustively 
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treated; e.g., Vol. 11 contains over 625 pages on water, covering 
almost every phase of the subject from sampling and. analysis 
to the installation of a municipal filtration plant. The section 
on 25inc in VoL 9 occupies about 900 page>s and includes everything 
from the history of zinc to its zirconium alloys. In all cases 
many references to original sources are inserted as footnotes. 
When using the book it should be noted that columns, not pages, 
are numbered. All extensive entries conclude with the com- 
piler's name. 


Table 17. — MuspeaiVs “Encyclopedia^' 


Volume ' 

Date 

Contents 

1-8 

1888-1905 

A— W 

9 

1910-21 

Wine— Zinc 

10 

1905-22 

Tin— Sugar 

11 

1913-17 

Water 

12 

1922 

General index 


Supplements 


I 

1917-21 

Fuels, etc., Addenda, Index 

Pt. 1. Asphalt, petroleum waxes, glycerine . . . 
Pt. 2. Coke, explosives, tanning, fireworks . . . 

II 

1926-7 

Chemical technology of inorganic materials, 
Index 

Pt. 1. Ammonia to Mortar 

Pt. 2. Ozone to Zirconium 

III 

1915-7 ; 

Chemical technology of organic materials, Index 
Pt. 1. Ether, drugs, celluloid, natural d.yes . . . 
Pt. 2. Patents, resins, rubber, textiles ... 

lY 

i 

, 1 

1910-22 

Chemical technology of fermentation, tanning, 
foods ... 

Pt. 1. Alcohol, bread . , . 

Pt. 2. Sugar, saccharin 

V 

Not published j 

Metals 


Thorpe, Sir Edward Dictionary of Applied Chemis- 

try/^ Longmans, Green & Co., NeW' York, 6th ed., 7 vols., 
1921- 7 3 supplemental vols., edited by Thorpe (J.F.)^ and 

^ Sp Edward Thorpe died Feb. 23, 1925. The last two volumes of the 
main t > irt were edited by H.F. Morley, the supplements by J.F. Thorpe and 
M.A. "V ‘"hiteley. 


i 
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Whiteley, 1934-'6. The first voliune of the 7th ed. was issued 
in 1937. 

This work is believed to be “a reasonably adequate presenta- 
tion of the state of contemporary knowledge concerning the 
applications of chemical science/^ Though a wide field is 
covered and the articles are, therefore, brief they do ^hserve as 
introductions to the special works on the items discussed. Some 
of them are practically small monographs.’^ There are a few 
references, mostly in the text. The initials of the various 
authors appear at the end of the articles or sections; full names 
will be found at the beginning of each volume. Their names 
and standing are a sufficient guarantee that . . . every effort 
has been made to make the Dictionary a faithful record of the 
present relations of chemistry to the arts and sciences.’’ 

Among the extensive summaries will be found dyes,” 

^^Triphenylmethane dyes,” Wood distillation,” ^hSAmthetic 
drugs,” ^^Tautomerism,” and “Carotenoid pigments.” Under 
“Analyses” in Vol. I (pp. 222-326) are discussed first the dry and 
wet methods of qualitative analysis, then quantitative procedures 
for the metals, acids, organic compounds, gases, and other 
materials. In supplementary Vol. I there is a good re view' of 
organic reagents and their use in analysis. The .subject “Alumi- 
num” (Vol. I, pp. 156-75; supplementary Vol I, pp. 57-65) 
is treated under ten subheadings: occurrence, history, metallurgy, 
development of the industry, production, physical properties, 
chemical properties, corrosion ' alloys, compounds. Although 
the arrangement of main entries is ali)habetical, in order to 
assist anyone looking for subtopics, good indexes wall be found 
in Vol. VII and in supplementary VoL III. 

Ullmann, Feitz (ed.), “Enzyklopadie der techuiselien 
Chemie,” Urban & Schwarzenberg, Berlin, 2d ed., 10 vols. 
plus an index, 1928-32. “This publication is tlie latest wmrd 
in chemical technology . . . the work is w^ell done, carefully 
edited, and uptodate, so far as such material can be obtained for 
public distribution.”^ 

Ullmann considers not only the heavy chemicals industry and 
metallurgy but also closely related fields involving minerals, 

1 Parsons, O.L., Ind,Eng,Che7n., 21, 889 (1929). 
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drugs, foods, and their congeners. Proce^sses and pia^ely theoreti- 
cal topics are included if of any technical importance. 

The articles have been written by specialists whose names 
appear in a table at the front of each volume. All important 
discussions carry an extensive bibliography including many 
references to German patents. Coxi-ections have been furnished 
on separate sheets to be pasted in at the appropriate places. 
In addition they have been repeated in a table at the front of the 
index volume. This book also contains a list of the more impor- 
tant topics in each volume of the text. The many cross refer- 
ences in the index help to locate material not found under the 
headings first considered. 

There are some peculiarities of arrangement. Inorganic salts 
and oxides are to be found under the element. Substitution 
derivatives of organic compounds are generally entered under 
the parent compound, but anilin and benzoic acid, for example, 
are listed separately, not under benzene. Salts of organic 
acids are considered under the acid. German trade names 
for many products are entered such as ^^blanidt’’ for sodium 
hydrosulfite, and “ f ormin ” for hexamethylene-tetramine 
(urotropine). 

Uke, a., '^Dictionary of Chemistry,^' Longmans, Green & Co., 
London, 6th ed., 3 vols., 1867-75. One supplement was pub- 
lished in 1878, The edition cited was edited by Robert Hunt 
under the title "lire’s Dictionary , of Arts, Manufactures, and 
Mines. A Clear Exposition of Their Principles and Practice.” 
The work is now entirely out of date but has some historical 
interest. 

C. Both pure and applied chemistry 

Fehling, H.v, (ed.), "Neues Handworterbuch der Ghemie/’ 
F, Vieweg iind Sohn, Braunschweig, 10 vols., 1871-1930. Shortly 
before 1840 Liebig, Poggendorff, and Wohler started to publish 
their " Handworterbuch der reinen und angewandten Chemie. ” 
The second edition of Vols. I and II was issued by Fehling 
between 1857 and 1862. Then, in 1871, he began the " Neues 
Handworterbuch” intending to include the fields more or less 
neglected by Watts and Wurtz, i.e., pharmaceuticals and the 
parts of physics and mineralogy closely related to chemistry. 
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Fehling edited Vols. 1 to 3; Hell, Vols. 4 to 6; Hell and Hausser- 
inann, Vols. 7 to 8; Hell and Bauer, Vol. 9; and Bauer, Vol. 10. 
The first eight volumes were issued by 1903; Vol. 9 appeared 
in 1926; Vol. 10 was started in 1927, finished in. 1930. 

The general arrangement is alphabetical with a good index in 
every volume (cf. ^'Vorrede^^ in Vol. 1). Bromides, chlorides, 
cyanides, iodides, oxides, thiocyanates, and sulfides are con- 
sidered in some detail under each metal, but only the general 
properties of the oxygen salts are given. The latter are dis- 
cussed more fully in connection with the acid itself. The 
compounds of metals with organic radicals are listed in a special 
section. Derivatives of organic compounds are to be found with 
the parent compound. Ethers of the higher alcohols and salts 
of the alkaloid>s are discussed with the parent alcohol or alkaloid. 


18. — Some Divisions in FEHLINO^s .HANpwaRTERBucH 


Subject 

Voluine 

Pages 

Number of 
references 

Heat 

9 

498-U84 

200 

Bismutb . 

9 

1021-72 

400 

Zinc. 

10 

190„296 

800 

Tin............... ........... .. . 

10 

296 -”587 

1 2,000 

1 i;soo 

Sugar. 

' 10 

645-847 



In view of the date of any volume, the articles theraiii are 
excellent surveys of the subjects covered. Reasonably complete 
bibliographies are entered as footnotes (see Table 18). There 
is a list of Gontributors and a table of errors at the back of each 
of the first eight volumes. Only eontribiitors are mentioned 
in the last two volumes. 

WuRTZ, A. (ecL), ^^Dictionnaire de ehimie pure et appliquee 
. . . Librairie Hachette et Cie, Paris, 1874-S. Originally 
there were three volumes of two parts eaeli. Later a two-volume 
supplement was issued (not dated), and 8ubs(*quently a second 
supplement by Wurtz and Friedel (7 vols., 1892-1908) brought 
the total issue to 15 books. 

This compilation is, in nature, a combination of Watts and 
Thorpe. It is now old but good for historical material. When 
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using the books one should search all three divisions, the original 
and each of the_ two supplements. There are numerous refer- 
ence.s to the original literature. 

D. Miscellaneou,s 

Lueger, 0., “Lexicon der gesammten Technik und Hilfswis- 
.senschaften, Deutsche Verlags-Anstalt, Stuttgart, 3d ed. 

! yols., 1926-31. This edition was edited by E. von Frey. 

T industrielle et de metallurgie,” 

J.B. Bailliere et Fds, Paris, 1893-7. This is a collection of ov^r 
25 independent articles. Perhaps “Monograph Series ” would be 
a more appropriate title than the one used. 

“Encyclopadie der Elektrochemie,” W. Knapp, Halle, 4 
vols., 1895. 1 r-j , 

Vol. I. “Primaiy Elements” by Carhart. 

II. “Theory of Electrolytic Action” by Vogel. 

III. New Electrolytic Methods in Quantitative Analy- 
sis " by Clas,sen. 

IV. “Secondary Elements” by Schoop. 

iMerck’s Index,” Merck <& Co., Rahway, N.J., 4th ed., 1930. 

/ n encyclopedia . . . giving the - names and synonyms: 
sources, origin, or mode of manufacture . . . physical proper- 
ties, therapeutic uses, etc., of the chemicals and drugs used in 
chemistry, medicine and the art.s.” 

Dictionaries 

B.iitm^ and Bailey, “Etymological Dictionary of Chemistry 
and Mineralogy,” Longmans, Green & Go., New York, 1929. 
The title is sufficiently descriptive. 

“^^®^’^i^tsbuch fiir die chemische Industrie,” 
Walter de Gruyter Co., Berlin and Leipzig, 14th ed. 2 vols 
1931 This edition wa.s edited by 0. Lange' The book cmffiins 
an alphabetical list of trade names (chiefly German) together 
with the chemical composition and uses of the material. 

Chemical Age, “ Chemical Dictionary, ” Ernest Benn, London, 
vol. 1 , 1925. Chemical terms are defined. 

_ Couch, J.F., “Dictionary of Chemical Terms,” D. Van 
Nostrand Co., New York, 1920. 
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Chispin, F.S., Dictionary of Technical Terms” Bruce 
Publishing Co., Milwaukee, Wis., 1929. Defines terms used in 
architecture, chemistry, etc. 

Gardner, William, “ Chemical Synonyms and Trade Names/^ 
D. Van Nostrand Co., New York, 4th ed. 1937. '‘ A dictionary 

and commercial handbook.^' It contains brief definitions of 
over 15,000 terms. 

Hagkh, I.W.D., Chemical Dictionary/’ P. Blaldston’s 
Son & Co., Philadelphia, 2d ed., 1937. This dictionary is 
distinctly encyclopedic in nature. In addition to defining 
scientific terms it attempts to explain the laws and theories 
of chemistry. Brief biographical sketches, ndth portraits, 
of many eminent scientists are included. This is an excellent 
reference book considering its >size. 

Kingzett, C.T., ^^Chemical Encyclopedia,’’ D. Van Nostrand 
Co., New York, 6th ed., 1937. The book contains definition 
of every word peculiar to the science of chemistry.’’ 

Pitman’s Technical Dictionary of Engineering and Industrial 
Science,” Sir Isaac Pitman & Sons, London, 5 vols., 1928-32. 
This compilation is in seven languages: English, French, German, 
Italian, Portuguese, Russian, and Spanish. It is arranged 
alphabetically according to the English terms and includes 
many chemical words and phrases. 

“Condensed Chemical Dictionary,” Chemical Catalog Co., 
New York, 2d ed,, 1930. Arranged alphabetically by name, 
the dictionary gives physical properties, uses, sources, grades, 
method of manufacture, and hazardous nature of a large number 
of commercial materials. 

Maerz and Paul, A Dictionary of Color,” McGraw-Hill 
Book Co., New York, 1930. This book is essentially a set of 
56 plates showing about 7,000 colors wdth their names, if known. 
The plates are so arranged that each color may be designated 
by coordinates in the same way that places are referred to on a 
map. There is an alphabetical index of names. “ For purposes 
of correspondence or recording of colors the page, row and column 
number may be used [to] insure exact understanding of the 
particular color.” 
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Standards and Color Nomenclature,” 
i^AA 1912. All alphabetical list of over 

1,100 named colors and samples of over 1,400 shades are given. 

Receipt books 

This class ol literature contains formulas for adhesives, house- 
hold cleaners, inks, paints, polishes, and a wide variety of other 
useful materials. Frequently the composition of proprietary 
articles is given. Ovdng to variation in purity or strength of 
ingredients many of the receipts will yield satisfactory products 
only after some experimentation. 

Sloanb T O., (ed.), “Henley’s Twentieth Century Book of 
Formulas, Norman W. Henley Publishing Co., New York 
1937. The various editions of this book have been popular for 
many years. 

Bennett, H., “Chemical Formulary,” D. Van Nostrand Co., 
New York, 3 vols., 1933-6. “A condensed collection of . 
forinulae for making thousands of products in all fields of indus- 
try. ^ the third volume contains a good index to the set. 

“The Pharmaceutical Recipe Book,” American Pharmaceutical 

Assoc., AVashington, 2d ed., 1936. 

“The National Formulary,” American Pharmaceutical Assoc., 
Washington, 6th ed., 1935. 
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INORGANIC CHEMISTRY 

The dur ability and mine of an item of information 
. . . depends entirely upon the previous knoivledge, the 
interests and the occupation of the person by whom it is 
I'eadT Gregory , 

The previous chapters have revealed the general trend in 
the development of chemical literature. First the investigators 
themselves were considered (Biography), then their original 
reports (Journals), next the initial summaries of their articles 
(Abstracts), followed by the periodic digests (Annual Reviews) 
and surveys of smaller divisions within a field (Monographs). 
Finally synopses, as assembled in large compendiums (Encyclope- 
dias), were discussed in the preceding chapter. We now come to 
the last step in condensation, viz., specialized reference books 
including textbooks and tables of constants. For the purposes of 
this discussion it has been deemed best to consider such literature 
in four divisions corresponding to the major branches of chemis- 
try: inorganic, organic, analytical, and physical. The mateiial 
will be taken up in the order specified. While a few elementary 
texts may be mentioned, attention wdll be directed chiefly to the 
more advanced treatises and laboratory manuals. 

Comprehensive Treatises 

^^Gmelins Handbuch der anorganischen Chemie,^^ Verlag 
Chemie, Berlin, 8th ed., 1924- . The first edition of this 

monumental reference work was published in 1817. The eighth 
edition, now appearing under the direction of R.J. Meyer, ^ 
was started in 1924. A total of 22 volumes, averaging 600 pages 
each, is contemplated (see Table 19) . This handbook “promises 
to be the most elaborate and exhaustive reference work available 
covering inorganic eheinistry.^^ It includes all inorganic com- 
pounds ever described and gives references to the original articles 
i Mej^er has published a description of the liew edition in Angew. Chem.\ 
37 , 177 ( 1924 ). 
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so that a student can examine the sources for himself and draw 
his own conclusions as to the validity of any statement. This 
indicates that the user is assumed to be a mature chemist capable 
of judging the probable accuracy of an assertion. Beginners 

Table 19. — Aerangement op Handbuch i>er anorganischex 

Chemie 


Volmiie 

System 

number 

Contents 

I 

1, 2 

Koble Gases, H 3 rdrogen 

II 

3,4 

0, N 

III 

5, 6, 7, 8 

F, Cl, Br, I 

IV 

9 to 12 

S, Se, Te, Po 

V 

13 to 15 

B, 0, Si 

VI 

16 to 19 

P, As, Sb, Bi 

VII 

20,21 

Li, Xa 

VIII 

22 to 25 

K, NH 4 , Rb, Cs 

IX 

26 to 31 

Be, M|i:, Ca, Sr, Ba, Ba 

X ■ 

32, 33 

Zn, Cd 

XI 

34 

Hg 

XII 

35 to 38 

Al, Ga, In, Ti 

XIII 

39, 40 ; 

Rarer Earths, Actinium 

XIV 

41 to 44 I 

Ti, Zr, Hf, Th 

, xv 

45, 46, 47 

Ge, Sn, Pb 

XVI 

48 to 51 

V, Nb, Ta, Pro tact inium 

XVII 

52 to 55 

Gr, Mo, W, U 

XVIII 

56 to 58 

Mil, Ni, Co 

XIX 

i 59 

iFe 

XX 

60 to 62 

Cit, Ag,'Au 

XXI 

63 to 67 

Ru, Rh, Pel, O.S, Ir 

xxn 

68 to 70 

Pt, Masurium, Rhenium 


Note. — This table is a key to the location of any element or compound described. As 
the sections appear, slight changes are being made in the number of elements comprising 
certain volumes, but no variation in the order of consideration has been found. For a list of 
the divisions published see Table 26. 

are likely to be confused by the many data cited which are more 
or less contradictory. 

Anyone intere,sted in using Gmelin efficiently should become 
familiar with its scope and limitations as set forth in Sec. 1, 
pp. IX ei seq. Brief statements will be found there as to the 
attitude toward analytical/organic, and technical chemistry; 
physics, mineralogy, geology, and other subject matter not 




Table 20^-Odtline of Arrangement under Any Individual Element 
IN Gmblins Handbuch dee anorganischen Chbmie” 


In both the seventh and the eighth edition the element itseli 
IS hrst discussed, then its binary compounds, followed by those 
of greater compIe,^ty (see Table 20). No compounds of an 
element are described before the element itself has been con- 
sidered. ^ For example, only compounds of elements having 
system numbers” less than 34 will be found in the section on 
mercury (see Table 19). 

References are given in the body of the text and are intended 
0 be complete to within six months of the publication date of any 
section (see back of each title page) . A list of journals together 
with the abbreviations employed is given at the .beginning of 

* The date of publication is not a factor. 
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strictly inorganic chemistry, 
cal discussions are excluded. 


History 
Occurrence 
The Element 
Preparation 
Physical properties 
Of the atom 
Of the molecule 
Crystallographic 
Mechanical 

Density, hardness, ductility, 
etc. 

Thermal 

Optical 

Magnetic 

Electrical 

Electrochemical properties 
Chemical properties 
Reaction with air, water, non- 
metals, non-metallic com- 
pounds, acids, metals, metal- 
lic compounds, etc. 

Chemical properties of the ion 
General reactions 
Qualitative detection 
Quantitative analysis 


It will be noted also that theoreti 


Gravimetric, volumetric, 
electrometric, etc. 

Compounds of the element with 
other elements having lower 
system numbers. (Under any 
particular compound will be 
found the preparation; physical, 
electrochemical, and chemical 
properties; hydrates; properties 
of its aqueous and non-aqueous 
solutions) 

Hydrides 

Oxides (from lowest to highest) 
Nitrogen compounds 
Nitrides 

Nitrogen plus oxygen 
Fluorine compounds 
Chlorine compounds 
Chlorides 

Chlorine plus hydrogen 
Chlorine plus oxygen 
Chlorine plus nitrogen 
Chlorine plus fluorine 
Bromine compounds, etc. 
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eveiy section. Word abbreviations used in the text are 

XXXID Th PP- XVII-XX and XXXr^ 

XXXII). Ihe method u.sed to indicate plurals is uninne 
There is no index; the “Inhalt” serves that purDose ' Tn !' 
except for the special feature.s occasionally inserted^ an index'^i ’ 
urmeoMBaiT because of the standard arrangemeul,’. A itt 
the elements discussed thus far will be found in Table 2! 

Mehoe j,W., "Comprehensive Treatise on Inorganic and 
TWtical Chemistry, ”_Longmans, Green & Co., New Yorlt 

of aU the ^onipoLdrLrLtSSlTeSfw tdlSf' 
discusses^ l,dncge„"U S 11 (^^0 TtZe^^J 


Table 21.- 


■CH.ArTEH MbIiBOK’s “Co.MPKBlmx.SIVK 

Contents 

Evolution and Methodology of Chcmi.strv 
Combination by Weiglit 
Hydrogen and the Composition of Water 
Physical Properties of Gases 
Combination by Volume 
Classification of the Elements 
Hydrogen. 

Oxygen 
Water 
Solutions 

Crystals and Crystallization 
Thermodynainies and Thermo cheinistiT 
^netic Theory of Atoms and Molecules 
Ozone and Hydrogen Peroxide 
Electrolyse and the Ionic Hypothesis 
Electrical Energy 


Chapter 

1 

II 

III 

IV 
V 

VI 

VII 

VIII 

IX 

X 
XI 

XII 

XIII 

XIV 
XV 

XVI 


rouping ^ (tTahioVt r 

particular metal will be found the Iwtnrv f ’■+ 

reviews in varioiwtonreak ^hose IT sections see the book 

nud Fell PobUAere ” “““‘■O' «»d Indus.,,.," Spring 
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There then follows a discussion of the hydrides, oxides, halides 
(F, Cl, Br, I), sulfides, sulfates, carbonates, nitrates, and phos- 
phates. All other compounds of that pai'ticular element are 
dcvscribed under the acid or acidic element involved. For 
example, lead chloride will be found under lead, but lead chromate 
is discussed under chromium. The double or complex salts 
considered in connection with any element include only those 
involving other elements previously discussed. Compounds 
such as carbides, silicides, and arsenides are described under 
carbon, silicon, arsenic, etc. Any intermetallic compounds are 


-SlTMlVIARY OF MeLLOR’S “ CoMPREHENSWE TrEATISE” 


Volume 

Date 

Contents 

I 

1922 

History, Introductory, H, 0 

II 

1922 

Halogens, Alkalis (including 

III 

1923 

Cu, Ag, Au, Ca, Sr, Ba, Radioactivity, Stmcture of 
Matter 

IV 

1923 

Ra family, Be, Mg, Zn, Cd, Hg 

V 

1924 

B, Al, Ga, In, Tl, Sc, Ce, Rare Earth Metals, C (Pt. 1) 

VI 

1925 

C (Pt. 2), Si, Silicates 

VII 

1927 

Ti, Zr, Hf, Th, Ge, Sn, Pb, Inert Gases 

VIII 

1928 

N, P 

IX 

1929 

As, Sb, Bi, V, Cb, Ta 

X 

1930 

S, Se 

XI 

1931 

Te, Cr, Mo, W 

XII 

1932 

U, Mn, Ma, Re, Fe (Pt. I) 

XIII 

i 1934 

Fe(Pt. II) 

XIV 

1935 

Fe (Pt. Ill), Co 

XV 

! 1936 

Ni, Au, Rli, Pd, Os, Ir 

XVI 

i 1937 

I' 

Pt, General Index 


considered in the same way as complex salts. In this particular, 
Mellor and Gmelin have the same system of arrangement — ~ 
first a consideration of the new element, then a discussion of the 
compounds formed with those already described. The main 
difference is that, in Gmelin, compounds are arranged in order 
of the elements as previously discussed, whereas in Mellor the 
disposition is according to groups. It should also be noted that 
there is a subject index in each volume of Mellor. Even though 
this index is present, a desired compound can be located merely 
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by examining the backs of the various issues Perhnno i 

wa& planned to occupy four volumes. Thus far Vol Twi 
P^), Vol. m (three parts), and Vol. IV ((», pSts pll,"’: 
tflhm progress) have been issued. With the exception of pahs 

f'f] ? al divisions now available are reprints HpnnA 

fat e-page dates should be ignored in favor of the "GeLhIossen ” 
ate givmi at the end of each discussion along vdth the author’s 
ame. Considering the period covered, “Abegg” is probably 



II, 2 
III, 1 
III, 2 

III, 3 

IV, 1,1 
1,2 
2 

3,1 


1905 

1906 
1909 

1907 

1927 
1920 

1913 

1928 


3.2 1930 

3.3 1934 

3.4 1937 


1922 

1922 

1922 

1922 

1921 

1922 


l.t Penodic Groop. iMuclion lo Atamk uf 

'« e V. A,, a, 

V, JNb, Ta (Nachtrage) 

ethjeriodic Group, 1st half. 0„ S, So, Te, Po. 

Periodic Group, 2d half. Or, Mo, W U 
Heteropolyacids ' 

7th Perio^c Group, p. Cl, Br, I, Mn 

8th Periodic Group. Noble gases 

8th Periodic Group. Iron 
Sth Periodic Group. Cobalt 
8th Periodic Group. Nickel 


the most valuable published o ml Wo wf • . 

— -hTSctSS.'^oC cS;'co‘! 
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petentj were responsible for a number of the important divisions. 
Many of the bibliographies are very useful, since they make it 
practically unnecessary to search the journal literature of the 
period covered. Incidentally some are chronologically, others 
topically, arranged. Several contain over a thousand references. 

The arrangement of Abegg will be obvious from Table 23* 
As indicated in connection with books previously described, the 
special sections are well worth examination. An index in each 
volume xnakes the contents readily available. 

Friend, J.N. (ed.), “Textbook of Inorganic Chemistry,” 
Charles Griffin & Co., London, 11 vols., several in parts, 1914- 
. The scope of this series is not so ambitious as that of the 
books previously described, the object being to give “concise 
and suggestive accounts of the various topics.” The arrange- 


Table 24.— Summary of Friend^s '‘Textbook of Inorganic Chemistry’^ 


Volume 

Date 

Contents 

I 

1 

^1914 

i 

1 

Introduction (Friend, Little & Turner), Inert Gases 
(Briscoe, 2d ed. reprinted 1919) 

II 

1 1924 

Alkali Metals, Cu, Ag, Au (Walker) 

111,1 

1925 

Alkaline Earth Metals (Burr) 

2 

1926 

Be, Mg, Zn, Cd, Hg (Gregory Burr) 

IV 

1917 

Al and Congeners, Rare Earths (Little, 2d ed. 1921) 

V 

1917 

C, Si, Ti, Zr, Th, Ge, Sn, Pb (Caven, renrinted 1921) 

VI, 1 

1928 

: Nitrogen (Prideaux & Lambourne) 

2 

1934 

Phosphorus (Prideaux) 

3 

1929 

V, Nb, Ta (Marks) 

4 


j As (Vallance) (In preparation) 

5 

1936 

! Sb, Bi (Thorneycroftf 

VII, 1 

1923 

Oxygen (Friend & Twiss) 

2 

1931 

; S, Se, Te (Vallance, Twiss & Russell) 

3 

1926 

i Cr, Mo, W, U (Vallance & Eldridge) 

VIII i 

1915 

Halogens (Martin & Dancaster) 

IX, 1 ! 

1919 

Co, Ni, Pt family (Friend, 2d ed. 1923) 

■■■■2 1 

1921 

Fe and its compounds (Friend) 


1928 

Meta! Ammines (Sutherland) 

XI, 1 1 

1928 

Organometallic Compoimds, Periodic Groups I-IV 
(Goddard & Goddard) ^ ^ 

2 1 

1930 i 

Organometallic Compounds, Arsenic (Goddard) 

3 

1937 

Organometallic Compounds, P, Sb, Bi (Goddard) 


1937 

Organometallic Compounds, Se, Te, Cr, Pt (Goddard) 
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merit is based upon tlie Periodic Table, one volume devoted to a 
discussion of the elements in each vertical column (see Table 
24). Volume I, therefore, is concerned with the Inert Gases’"; 
VoL II, with hydrogen, the alkali metals (including NII 4 +), 
copper, silver, and gold. Two extra volumes have been issued. 
One is devoted to. the metal ammines, and the other to organo- 
metallic compounds. A special feature of Vol. I is the pre- 
liminary part entitled An Introduction to Modern Inorganic 
Chemistry"" comprising chapters on the fundamental laws of the 
science; the general properties of elements and compounds; 
methods for the determination of molecular, atomic, and equiva- 
lent weights; etc. 

Certain additional details of organization should be noted. 
In all cases where the description of a double salt is desired 
it will be found under the element of highest division in the 
Periodic Table. Ferrous ammonium sulfate, for example, is 
listed under iron. The same applies to alloys. Brass is chiefly 
copper and zinc, so it is described under zinc in Vol. III. Chro- 
mium and manganese in chromates, dichromates, and perman- 
ganates form part of the acid radical. Such salts ought to be 
placed with the positive ion (KMn 04 with potassium, etc.), 
but they are actually grouped under chromium in Vol. VII 
and manganese in Vol VIII. The same .sort of treatment is 
accorded molybdates, tungstates, etc. In general, cross refer- 
ences help to eliminate any confusion. Incidentally there is an 
author and subject index in each issue. Volume XI, Part II, 
has a patent index covering arsenic compounds. A synchronistic 
table of journals in the front of almost every issue is an aid in 
the examination of source references given as footnotes. 

Pascal, P. (ed.), ^'Traite de chimie minerale,"" Masson et Cie., 
Paris, 12 vols., 1931-34. This series occupievS an intermediate 
position between Mellor and Friend. It also resembles the 
former in mode of handling references^ and the latter in treatment 
of several topics. The grouping of subject matter is indicated 
in Table 26. An important and commendable feature of the 
set is the promptness of completion. Unlike many other works 

4 References are grouped at the end of each importaiit seetion as in Mellor, 
but, to insure their rapid location, at the foot of each text page there is a 
note indicating particular references applying to the statements on that page. 
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of a similai- nature it was finished in about three years apparently 
without seriously affecting its quality. In fact, the principal 
criticism that the writer has encountered is a lack of exactness 
in the references. The references are not claimed to be exhaus- 
wu-’i should guide one to the more important sources. 

While there is an index in each volume it is too brief, hence of 
minor value. 


Table 25. — Summaky op Pascal’s “TsArri 


DE CHIMIE MiNJiSBALE’’ 


volume Contents 

tJ , mo Air, Water, H, 0, O.,, F, Cl, Br, I 

II 1932 S, Se, Te, sulfuric acid industry 

III 1932 N, P, As, nitrogen industry 

IV 1933 Sb, Bi, V, Nb, Ta, B 

V 1932 C, Si, Ti, Ge, Zr, Hf, NHi 
im ^QQO metals, alkali salt industries 

®®m™t, glass 

VIII 1933 Rtire earths, Cu, Ag, Au, Hg 
IX 1933 Sn, Pb, Tl, Mn, Re, Fe 

X 1933 Ni, Co, Cr, comple.x salts 

XI 1932 Mo, W, U, Th, Pt group 

Radio elements, rare gases, alloys, errors in all 12 vols. 

Some of the special sections in this series are; an excellent 
summary of the commercial production of sulfuric acid in Vol II • 
the nitrogen industry in Vol. Ill; cements in Vol. VII- the rare’ 
earths in Vol. VIII including a brief account of their electronic 
structure, catalytic activity of their oxides, and the use of 
ceric suhate ^ a volumetric reagent; and a general discussion 
01 complex salts which occupies over 500 pages in Vol. X. 

^ Evans, U.R., “Metals and Metallic Compounds," Edward 
Arnold & Co., London, 4 vols., 1923. “This book is intended 
for the advanced student." The first volume contains a general 

parts: “The Study of the Metallic 
State (Metallography) and “The Study of the Ionic State" 
(ElectrGchMnistry). Other volumes deal with the individual 
elenmnts. m an order based upon the Periodic Table. Each 
section IS divided into three parts: (a) pure chemistry of the 
metal and its compounds; (6) geology of the metal, i.e., probable 
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Mn 66 XII(32) j Vin(15) j IV,2(13) IX(33) 

Hg 34 IV(23) 111,2(26) 11,2(05) VIII(33) 

Mo 53(35) XKSl) Vn,3(26) IV, 1,2(21) XI(32) 

Ne 1(26) ¥11(27) 1(14) IV, 3, 1(28) XII(34) 

Ni i 57 XV(36) IX.1(22) IV,3,4(37) X(33) 


INORGANIC CHEMISTRY 


113 


(M rH C<1 (M OO Ttl ^ (M M 

CO CVS DS CVD W CO OT CO CO (^^ ro CO 00 CvO CV3 CO W 


CO 05 03 <N 
CO CO CO CO 


>Zj ,M ^ 


|> )> 




M 


o 


C5)I* rH 7^ !>• lO 03 C^? 

O 05 05 O O O CM. 


COt^C3O0 00 

0.050^0,^005050^^..,., _ _ . 

05^ ’“I ^ ^ ^ ^ 

1-4' H-T J-T t—T ^4“ r-T >-h' M h4' ^4“ t-T hT HH ' 

(hHl— (t— f 

IHS)— MHH 


> ^ 


44 44 44 ic o co 44 44 


v- < H-t kJ* 


HH HH 

X 

y-H 

{x: 

y-H HH y-4 
y-H HH M 

y-H ^ 

y'H HH y—i HH 
y-H |> >-H 

3 

=? 

^ or 

rH 

tH 


’rfl 


CO 

S' 


H 

S 44 


05^ 



kT X 

j-H 

hh' 

y-T 



> 

y-H 

> 


CO 

CO 

03 


05Oi0C003C0O’-it-t^t>-T-J05 03 C0lN.00 
03 CO 05 , 05 (N C5 CO CO 05 05 05 CO CO C5 05 05 05 


H-( M >~l 




- - - X ^ g g g ^ M H fe 


> > > '^ |x} ' 


> >• 


CD 

I 

CO 


1 

CO 

CO 


00 tH 

05 CO 


CO cO 00 05 O lO 
CD T-H CD 05 ■<-4 rH 


rH tH 03 CJ3 

CD 05 05 


rH CD r-l t} 4 to 00 05 05 CO 
rH hH iO VO CO hH 05 


Oh 

O 


' ’Tj H5 , J <D D rO{ d 


si "% 
rt 


^ rt 

KJ a 


i © 

ii 

o § 

^ 43 


o a 


g « 

o o 

45 g 


g © 

« 'o 

^ g 
^ -2 

11 




.2 




I: 




114 LIBRARY GUIDE FOR THE CHEMIST 

mode of formation of its important ores; (c) metallurgy (often 
the longest division). There is a subject and author index 
in each volume. Numerous references are given as footnotes. 

Three reference books of inorganic chemistry, now chiefly 
of historical value,* are Dammar's “Handbiicli der anorganis-* 
chen Chemie/' Graham-Otto’s ^^Lehi’buch der Chemie” (inor- 
ganic part by A. Michaelis), and Moissan’s *'^Traite de chimie 
miiierale.”^ 

Advanced textbooks 

No attempt will be made here to list any elementary books 
suitable for a beginning course in chemistry. A few outstanding 
texts useful in advanced inorganic courses and of particular 
value to students preparing for the doctorate are given in the 
following list which, of course, is not intended to be complete. 

Gaven and Lander, Systematic Inorganic Chemistry/' 
Blaclde & Sons, London, 1930. 

Ephraim, F., “Anorganische Chemie,” T. Steinkopff, Dresden, 
5th ed., 1934. There is an English translation by P.C.L. 
Thorne published by Gurney and Jackson, London. 2d ed. from 
3d German ed. 1934. 

Latimer and Hildebrand, ^‘^Eeference Book of Inorganic 
Chemistry,” The Macmillan Co., New York, 1929. 

LowmY, T.M., ^^ Inorganic Chemistry,” The Macmillan Co., 
New York, 2d ed., 1932. 

Morgan and Buestall, “Inorganic Chemistry,” W. Heffer 
& Sons, Cambridge, England, 1937. A survey of modern 
developments. 

Partington, J.E., ■ ^ Textbook of Inorganic Chemistry for 
University Students,” The Macmillan Co,, New York, 4th ed., 
1934. 

^Baivimar, O. (ed.), ‘'Handbuch ... P. Enhe, Stiittgart, 4 vols., 
1892-1903, A supplement was issued ill 1905. 

Geaham-Otto (ed.), “Lelirbuch . . . P. Vieweg mid Sohn, Braun- 
schweig, 5tli ed., 1878~89, 4 vols. inorganic plus 3 vols. organic, 

Moissan, H. (ed,), “Trait6 , . . Masson et Cie., Paris, 5 vols., 
1904-06. 
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Remy, H., ^^Lehrbuch der anorganischen Chemie/’ Akade- 
mische Verlagsgesellschaft, Leipzig, 2 vols., 193L 

Roscoe and Schorlemmer, '^ Treatise on Chemistry,” The 
Macmillan Co., New York. Vol. 1, Nonmetals, 5th ed., 1920. 
Vol. 2, Metals, 6th ed., 1923. Vol. 3, Organic. This has been 
a very popular reference book of the briefer type. The organic 
section has not been revised recently. 

Laboratory manuals 

Laboratory guides for inorganic chemistry are neither abundant 
nor up-to-date when compared with the literature available to 
organic technicians. To be sure, every elementary laboratory 
manual is replete with directions for making simple inorganic 
products; but for the advanced worker interested in fine points 
of technique and the preparation of more intricate compounds 
there is one outstanding reference book, viz., Stabler Handbuch 
der Arbeitsmethoden in der anorganischen Chemie,”^ published 
in four volumes. This work first gives plans for the construction 
of a laboratory, then discusses its equipment, and finally con- 
siders a large number of inorganic procesvses. A rather brief 
summary is given in Table 27, but it may assist in emphasizing 
the fact that this compilation deserves to be used more widely. 
An outstanding feature of this book is the bibliography in Vol. 
IV, pp. 473-488, on the preparation of very pure compounds 
for atomic weight work. In the same volume there is also a 
subject index covering all six parts. 

Another book dealing with high-grade materials is Archibald's 
^^Preparation of Pure Inorganic Siibstances.”^ It is a compila- 
tion of methods advocated largely by atomic-weight investigators. 
The book opens with a chapter on purification processes, then 
discusses the various elements as they appear in the Periodic 
groups, i.e., Zero Group, Group I A, I B, etc. The rare earths are 
considered in Chap. VIII. 

Other manuals on the subject of technique also contain helpful 
information. Among them are : 

^ Veit and Ges., Leipzig, Vols. I and HI, 1 Waiter de Gruyter Co., 
Leipzig, Vols. II and IV, 1919-26. The major portion of VoL IV was issued 
early in 1921; thus the date,- 1926, is slightly misleading. 

^ John Wiley Sons, New York, 1932. 
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Table 27, — SmiMARY of Stahler’s ^‘Laboratory Guide 
VoL I (1913) (787 pp.) 

Construction and equipment of a laboratory 
Mechanical operations, i.e,, assembly of apparatus 
Vol. II, Pt. 1 (1919) (654 pp.) General Physical Operations 
Pressure determination Crystallization 

Liquefaction of gases Drying 

Temperature Solution 

Evaporation Microscopy 

Distillation and sublimation Spectroscopy 

Precipitation Colorimetry 

Pt. 2 (1925) (993 pp,) Special Physical and Chemical Operations 


Microchemistry 
Membrane filters 
Electrometric analysis 
Radio-elements as indicators 
Crystal form 

Structure anatysis and x-ray spec- 
troscopy 

High-vacuum technique 
Spectrographic analysis 

Subject and author indexes for Vol. IL Appendix 
Vol. Ill, Pt. 1 (1913) (692 pp.) Physico-chemical Determinations 


High-pressure work 
NHs as a solvent 
SO 2 as a solvent 

Preparation of materials electro- 
lytically 

Decomposition by silent electric dis- 
charge 

Decomposition by light 
Methods of photochemistry 


Weight 

Volume 

Density 

Osmotic pressure 
Critical points 
Compressibility 


Surface tension 
Thermal expansion 
Melting point 
Metallography 

Boiling and sublimation points 


Viscosity 

Diffusion 

Heat conductivity 
Calorimetry 
Specific heat 
Heat tone 


Pt. 2 (1914) (862 pp.) Physico-chemical Determinations 


Atomic weight 
Chemical kinetics and statics 
Graphical determinations 
Chemical calculations 
Indexes for Vol. Ill 


Electrochemical determinations 
Magnetic measurements 
Optical rotation 
Refractive index 
Radioactivity 
Vol. IV, Pt. 1 (1916) (326 pp.) 

Preparation of gases 
Preparation of colloidal material 
Preparation of metals and alloys 
Pt. 2 (1926) (246 pp.) 

Thermite reactions 
Phosphorescent materials 
Mineral syntheses 
Growing of crystals 

List of very pure substances that have been prepared 
Appendix. Author index for Vol, IV 
General Subject Index for all 4 vols. 
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Biltz and Biltz, “Laboratory Methods of Inorganic Chemis- 
try/^ John Wiley & Sons, New York, translated by Hall and 
Blanchard, 1928. 

Riesenfeld, E.H., “Anorganisch-chemischer Praktikum, 
qualitative Analyse und anorganische Praparate,^' S. Hirzel, 
Leipzig, 11th ed., 1933. An English translation of the eleventh 
German edition has been prepared by P. Ray [see J.Che'm. 
Education 11, 62 (1934)]. 

Vanino, L., “Handbuch der praparativen Chemie/^ F. Enke, 
Stuttgart, 3d ed. of VoL 1, inorganic part, 1925. (Vol. II deals 
with organic chemistry.) 

Arendt, R., “Technik der anorganischen Experimental- 
chemie/' Leopold A^oss, Leipzig, 4th ed. by L. Doeriner, 1910. 
The first part (350 pp.) is concerned with apparatus and techni- 
que; the special section (about 600 pp.) deals with individual 
experiments. This book is of particular value to a demonstrator. 

At the Chicago Convention of the American Chemical Society, 
in September 1933, a group of inorganic chemists advocated the 
publication of a series entitled “Inorganic Syntheses” to be 
similar in nature to the well-known “Organic Syntheses.” 
The first volume will soon be available. 

Hoffmann^s Lexikon 

Before concluding the discussion of inorganic sources Hoff- 
mann’s “Lexikon”^ should be mentioned. “This dictionary 
... [is claimed] to be a complete catalog of the literature 
relating to inorganic chemistry; gives all analytic and synthetic 
compounds, all chemical individuals, and presents their full 
literature ’’ down to Apr. 1, 1909. ^ The arrangement is described 
in the introductory part of Vol. I. Elements are listed in the 
order non-metals, light metals, heavy metals. A number is 
assigned to each element as shown in Table 28. 

The elements are considered in numerical order, the element 
itself coming first, then combinations with those previously 

^Hoffmann, M.K., “Lexikon der anorgamsclien Verbindungen,^^ 
J.A. Barth, Leipzig, 1910. 

2 TJic appendix has some data as recent as 1919. 
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Table 28. — Code Numbers 


Assigned to Elements 
^‘Lexikon^^ 


IN Hoffmann ^ 


1, 

H 

17. 

Li 

34. 

Sb 

50. 

Er 

66. 

V 

2. 

0 

18. 

Uh 

35. 

Bi 

51. 

Yb 

67. 

U 

3. 

Gi 

19. 

Gs 

36. 

Ti 

52. 

Sc 

GS. 

Ta 

4. 

Br 

20. 

Ca 

37. 

Ge 

53. 

Til 

09. 

Nb 

5. 

I 

21. 

Sr 

38. 

Zr 

54. 

Dy 

70. 

All 

6. 

F 

22. 

Ba 

39. 

Sd 

55. 

B 

71. 

Pt 

7. 

S 

23, 

Ra 

40, 

Th 

56. 

A1 

72. 

Ru 

8. 

Se 

24. 

Be 

41. 

Ce 

57, 

Ga 

73. 

74. 

Rh 

9. 

Te 

25. 

Mg 

42. 

La 

58. 

In 

Pd 

10. 

N 

26. 

Zn 

43. 

Na 

59. 

Mil 

75. 

76. 

Ir 

n. 

B 

27. 

Cd 

44. 

Pr 

60. 

Ee 

Os 

12. 

C 

28. 

Pb 

45. 

Sm 

61, 

Co 

77. 

He 

13. 

Si 

NH., 

29. 

T1 

46. 

Eu 

62. 

Ni 

78. 

,Ne 

14, 

30. 

Cu 

47. 

Gd 

63. 

Cr 

79. 

80. 

Ar 

146, 

NHi 

31. 

Ag 

48. 

Y 

64. 

Mo 

Kr 

X 

15. 

K 

32. 

Hg 

49. 

Tb 

65, 

W 

81, 

16. 

Na 

33. 

As 








(las<^nbecl but in reverse sequence. If the following compounds 
are listed, the oi’der would be; 

F, 6 FIO, 6-5-2 

FI, 6-5 FIH, 6-5-1 

FIBr, 6-5-4 FBr, 6-4 

FICl, 6-5-3 FBrCl, 6-4-3 

Under each entry the data given are; 

a. Ordinary formula. 

b. Name of compound. 

c. References to journal articles. 

d. Reference to Gmelin, 7th ed. 

e. Color, crystalline form or physical state. 

1 here are two methods for using the book, (a) Obtain the 
number for each element in the formula of the desired compound 
omitting water of crystallization; arrange the elements in 
de.scen(hng numerical order and look for the highest number first 
under that the next number, and so on. Thi.s is facilitated by 
the running title at the top of each page. (5) Use the altihabetical 
hbt of formulas in Vol. HI. Its arrangement is based upon the 
following rule: In any compound the symbol occurring earliest 
in the alphabet is the one under which a compound is entered, 
lor example, thorium bromide is entered under Br u. Th, and 





beryllium carbonate is to be found under Be u. C. The Appendix 
in VoL II contains a number of bibliographies^ and references to 
other bibliographies. In VoL III there is an interesting group 
of tables including abbreviations found in chemical litera- 
ture, logarithms to five places, German expressions frequently 
employed, common names for minerals, etc. 


SEARCHING THE LITERATURE 

An examination of the literature for data regarding inorganic 
substances be initiated in a variety of depending on 
just what information is \vanted and how far back one desires 
to go. Obviously the more a searcher knows about his subject 
and his library the less time he will w-aste in examining irrelevant 
material and the more certain he will be that no important item 
has been overlooked when the investigation is concluded. As 
with any other art, skill is acquired only by practice, but the 
drill should be systematized. Consequently the following scheme 
is presented not with the expectation that it will be the most 
useful in all cases or that the order is the best possible for every 
study but as a tentative procedure to be modified by experience. 

Perhaps the most important points are to decide just what 
mformation is wanted Mid vj'hd.t subject headings to look for. 
The problem may involve a single idea, be part of a larger 
subject to wdiich it is more or less intimately related, or be 
divisible into more specific items. In any case it should be 
carefuliy examined, and all reasonable connections listed as 
search headings," because t'wo people are not likely to state an 
idea in the same terms without previous agreement. It is 
entirely reasonable, for example, to expect that the ^^oxidation of 
ferrous iron might be thoroughly considered in some book 
under the subject reduction of permanganate,'^ ^Smliimetric 
analysis," ^Tron, ions of," or some other topic wdthout the entries 
“oxidation" or “ferrous iron" appearing in the index. Hence 
the suggestion to analyze, generalize, and particularize a subject 
before starting a search. 

The next feature to consider is where to look fwst. Frequently 
the nature of the topic will suggest an answer to the question. 

^Atomic weight determinations, inorganic colloids, metallic alloys, rare 
earths, etc. 

^ Subiects under which one might find desired data in an index. 
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If information published before 1909 is desired, Hoffmann’s 
“Lexikon” might be examined. If book literature is wanted, 
possibly the card catalog or the Depository catalog would be 
serviceable. The use of both, however, requires knowledge of 
the author’s name, the subject, or other details that may not be 
available initially. Of course, failure to find a book is not proof 
that none has been written or even that the material is not 
possessed by the library perhaps in a slightly different form.^ 
Very often a search is started wdth only meager knowledge 
about the subject. In such cases a good encyclopedia might be 
of real service at the outset. 

After the preparatory analysis has been completed, the sources 
given in the following outline should be of assistance in a thorough 
search. 

I. Preliminary survey 

iL Encyclopedias (see above) 

Febling, Mnspra,tt, Thorpe, Ullmann, etc. 

(The bibliographies in Feliling deserve special mention) 

B. Monographs 
Textbooks 

(Occasionally these give very good surveys of a field) 

II. Comprehensive treatises 

Gineliii, Mellor, Friend, Abegg, Pascal, etc. 

III. Annual reviews 

London Chemical Society 
Society of Chemical Industry 
Annual Survey of American Chemistry 
Mineral Industry 

^^Fortschrittsberichte” in etc. 

IV. Bibliographies of bibliographies 

National Research Council Bull. 50, 71, 86 
Sohon and Schaaf 

V. Abstract journals 

A. Cumulative indexes 

B. Annual indexes 

C. Current issues 

At least C. A. and Chem.Zentr. should be considered. There 
is some difference of opinion as to whether one should start 
with the most recent issue and work back or do the opposite. 

^Recently Emich’s ^^Microchemistry” was desired. Because the book 
was not available, the search was dropped in spite of the fact that Einich 
has published an extensive account of his work in Stahler’s ^Tlandbuch” 
which was on a near-by shelf at the time. 
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VI. Original articles 

A. Journal articles directly cited 

B. Patents directly cited 

C. Journals specializing in the subject 

D. Investigators specializing in the field 

VII. Laboratory guides 

Stabler, Vanino, Arendt, etc. 

VIII. General browsing 

Frequently as the end of a search fs approached 
of books initially ignored may disclose some i 

When concluding any investigation whether ii 
or library it must be clearly understood that the 
be completed. Regardless of how fruitful the s 
always be many branches disclosed that upon furt: 
might yield even more valuable data. All the v 
to apply the law of diminishing returns to es 
problem, decide where to stop, and then hope th: 
was good. 
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C. Cheniisches Zentralblatt 

1. Collective Indexes 

VI 1922-24 
VII 1925-29 
VIII 1930-34 

2. Annual Indexes 

1935- 

II. Beilstein 

A, Fourth edition (literature to 1910) 

B. Finst supplement (literature 1910-19) 

III. Journal Articles, Monographs, etc. 

Formula indexes 

Richter’s ^Texikon der Kohlenstoffverbiiidimgen ” ^ Is a 
“systematic compilation of the carbon compounds arranged 
according to their empirical formulas.” Under each formula 
are given the following data: 

a. Name of each compound having the formula (isomers). 

b. Ordinary state of the compound having the formula 

(isomers). 

c. Physical constants (melting point, boiling point, etc.). 

d. References to Beilstein, 3d ed., and the original literature 

(see below). 

The “Introduction” to Richter’s “Lexikon,” in four languages, 
explains the arrangement. It depends, on the number of 
carbon atoms in the^formula; second, on the number of other 
elements present; thirdyOn which other elements are piresent ; and, 
fourthj on the number of atoms of each other element. All 
foiinulas containing one C and one other element api^ear first, 
the order of consideration being: 

H, 0, N, Cl, Br, I, F, S, P, Ag . 

Assuming that the compounds indicated exist, the complete 
system can be illustrated as shown in Table 29. 

^Leopold Voss, Leipzig, 3d ed., 1910-12. Cf. GattermaiinAVie^^^^ 

* laboratory Methods of Organic Chemistry,’^ The Macmillan Co., New 
York, 1937. In this traiislation by \V. McOartoej- wiH be found Hints 
for Using the Literature of Organic Chemistry'^ wliich gives a brief discussion 
of Richter’s /'Lexicon.'’ 

2 After phosphorus the other elements are considered in alphabetical 
order. 
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In order to facilitate the location of any formula, guide 
numbers have been placed in the upper, outer corner of each 
page. The first figure, in arahic, indicates the number of carbon 
atoms; the second figure, romayi, shows how many other elements 
are present. For example the empirical formula of parachlor- 


1,1 

CH2O 

CHO.N 

C2O 

CH 

CH2 

CH2O2 

CHO2N2 

C20„ 

CH3 





CH,Zr„ 

CHO,Zr„ 

CsZr„ 

CH„ 

CON 


2 , II 

CO 

CO2 

CON2 


C 2 HO 

CON, 

CH« 0 „N., 

CjHOa 

CO, 





COZr„ 

CHnO„Zr„ 

C^H.On 

- — . 

COaN 

1 , IV 


CN, 

CO2N2 

CHONCl 





CjHsZra 

CZr, 

CO,,Nn 

gh„o„n„ci„ 


1 , II 



C 2 H„Zr„ 


CO„Zr„ 


1 , III 

CHON 

CHON. 


CHZrn 


CHOZr„ 


C„H„ 0 „ . 


benzoic acid is CrlicOaCl, the elements being arranged in the 
order specified to promote the search. This compound may be 
found by first securmg the volume containing C-7 entries, then 
locating the guide figure 7 followed by III; finally, by glancing 
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down the pages thus marked, the desired compound is quickly 
discovered. This should be done, of course, in both the iiiain 
volume and the corresponding supplement. While there is an 
index in Vol. IV that may be helpful at times, especially when 
the formula for a desired compound is unknown, the method 
just described is usually more expeditious. 

Richter’s ^^Lexikon” contains references to the literature 
describing methods of preparation and properties but not tn 
purely theoretical papers. It is a collective index to the third 
edition of Beilstein^ and to the Chemisches Zentralblatt^ from 
1902 to 1910. 

Stelzner’s ^^Literatur-Register’’ is a continuation of Richter’s 
“Lexikon,” starting with the year 1910 and ending wdth 1921. 
The five volumes are arranged as shown in Table 30. 

Table 30. — Arrangement op Stelzner’s ^‘Literatur-Register^^ 


Volume 

Period Covered 

I 

1910 and 1911, plus Index 

11 

1912 and 1913, plus Index 

III 

1914 and 1915, plus Index 

lY 

1916“17“18, xdus Index 

V 

1919-20-21, plus Index 


Under each formula the author planned to give references to 
the original literature and the Zentraiblatt abstracts covering : 

а. Constitutioii and configuration. 

б. OccuiTence (isolation and detection). Preparation (puri- 
fication). 

c. Physical properties and reactions. 

d. Chemical properties. 

c. Physiological properties. 

1 Beilstein references are given as follows; “CO, Kohlenoxyd . . . I, 
643,” which indicates Yol. I, p. 543. If an asterisk is placed before the 
roman numeral the reference is to the supplement rather than the main 
volume. , ;■ 

^ Zentraiblatt references are given after the original journal citation thus: 

“0. r. 183 , 938 C. 1902 [1] 207” 

which indicates that the original article appeared in the Compt. rend,^ 
Vol. 133, p. 938, and an abstract is in the 1902 volume of the Zentraiblatt, 
Part I, p. 207. This is an important help to one who reads German but not 
the language of the original article. 
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/. Detemination. 

g. Uses. 

h. Salts, esters, and other compounds.^ 

The Zeiitralblatt indexes give references only to abstracts 
appearing in that journal. The cumulated indexes materially 
expedite a search through this source. There is, however, no 
subject index to the current issues other than the table of con- 
tents on the cover page. The author list is obviously of little 
value unless one is familiar with the names of those working 
in the field under consideration. 


BEILSTEIN»S ^‘HANDBtJCH’^2 

Friedrich Konrad^ Beilstein was born, of German parents, in 
St. Petersburg, Russia, in 1838. Following his elementary 
training he studied under Bunsen and Wdhler and became 
Privatdozent at Gottingen in 1860. Six years later he joined 
the staff of the Technical Institute at his native city and remained 
there until his death in 1906. Early in academic life he had 


Table 31. — Summahy of Ebitions of Beilstein^s ^^H.andbook'' 


Edition 

Published 

Volumes 

Pages 

1st.... ... 

1880-2 

2 

2,201 


1885-9 

3 

4,080 

3d 

1892-9 

.4 

6,844 

3d (suppl.)"'' 

1896-1906 

5 

4,604 

4th ! 

4th (suppL) 1 

1919- 

1928- 

27(?) 



* Beilstein died two weeks after the last volume of this supplement had been issued. 


begun the assembly of all available information on organic 
chemistry for his own use. Subsequently he decided to publish 
the results of this work in a handbook. The first^' Lieferungen^^ 
(installments), written in German, appeared in 1880. Other 

1 Of. VoL I, pp. XVI~XL. 

2 The introductoiy discussion is based on an article by Jacobson, Natur- 
mssenschaften^ 7, 222-5(1919), and the preface to VoL I, p. XI-XVIL 

^ For a biography of Beilstein see Hjelt, Ber., 40, 5041-78 (1907). It is 
interesting that German references to Beilstein use Friedrich Konrad as 
his given names, whereas the necrological notice in Niva (Issue No. 44, 
p, 706, 1906) uses Theodore Theodorovitch. 
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parts soon followed, the task being finished 2 years later. The 
second and third editions required about 15 years’ labor. They 
were compiled without assistance except for that of Paul Jacobson 
who prepared the supplement to the third edition with the aid 
of the German Chemical Society. This supplement included 
data down to 1902. 

After its completion plans were considered for extension of the 
work. A second supplement was obviously impracticable, the 
old system of arrangement having become inadequate. Con- 
sequently Jacobson and Prager undertook the development of a 
new system. With the help of Paul Schmidt and Dora Stern 
details were settled in 1907. The next five years were devoted 
to arrangement of data in the third edition according to the new 
scheme. Information published between 1903 and 1910 was 
arranged during the years 1913-16. World War distractions 
delayed publication of Vol. I until early in .1919. Other volumes 
have appeared at short intervals since then; 26 are now available, 
together with 25 volumes of the first supplement (started in 
1928). 

The last edition of Beilstein’s Handbook’’ differs from its 
predecessors in size and scope of information as well as in arrange- 
ment. Without regard to the difference in number of substances 
considered, the space devoted to a few compoundvS will illustrate 
the first point. 



Compound 


Pages 



3cl ed. 

4th ed. 

CoH.OH..., 



' 7 . 

22 

1 

■ 2 ■ 

16 

CH 2 O... 

1.5 

16 

1 60 

i 

Acetates . ...... 

, 2 4. ^ 

i ■ 



Scope 

The new edition of Beilstein is intended to be a complete 
summary of all published data on organic compounds down to 
Jan. 1, 1910, i.e., coextensive with the third edition of Richter’s 
‘Hexikon.” In addition, the first supplement covers the 
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Table 32. — Key to Beilstein's ‘‘Hanebech der organischen Ghemib”* 
Acyclic Compounds Vol. I-IV 

Isocyclic Compounds Vol. V-XVI 

Heterocj’-clic Compounds Vol. XVII 

Naturally Occurring Compounds Vol. (in preparation) 


ACYCLIC COMPOUNDS 

Vol. Cpntents 
1. Hydrocarbons 

Methane, 56 ;t Ethane, 80; Ethylene, 180 
Hydroxy compounds 
Methyl alcohol, 273 
Ethyl alcohol, 292 
Ethyl ether, 314 
Glycerol, 502 
Carbonyl compounds 
Formaldehyde, 558; Acetone, 635 
Hydroxy-carbonyl compounds 
Aldol, 824; Pentoses, 858; Hexoses, 878. 

U. Carboxylic Acids 

Formic Acid, 8; Acetic Acid, 96; Oxalic Acid, 502 
HI. Carboxylic Acids 
Hydroxy 

Carbonic Acid, 3; Glycolic Acid, 228; Lactic Acid, 261; 
Citric Acid, 556 
Carbonyl 

Glyoxalic Acid, 594; Acetoacetic Acid, 630 
Hydroxy-carbonyl 
Giycuronic Acid, 883 
IV. Sulfonic Acids 
Hydroxy, 13 
Carbonyl, 21 
Amines 

Methylamine, 32 
Hydroxy amines 
Amino-ethyl alcohol, 274 
Carbonyl amines 

Aminoaeetaldehyde, 307; Aminoacetone, 314 
Hydroxy-carbonyl 
Amino acids 
Glycine, 333 
Hydroxylamines, 534 
Hydrazines, 546 

* This table indicates the scope of each volume and gives page references to many index 
and key compounds by means of which derivatives can be located by anyone familiar with 
the system of arrangement. 

t This figure is the page number in the volume specified. 
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Metallic Compounds, 580. 

The ord 

:V 

Hi! "• 

P 

Ge 

T1 


As 

Sn 

Be 

liif 

If! i; 

Sb 

Pb 

Mg 


Bi 

B 

Ca 


Si 

A1 

Zn 


Table 32.-Key to Beilstein’s “Handbech beb obganischen Chexiie ” 

— {Continued) 


Cd 
Hg 
Na 
Au 
Ft 

ISOCYCLIC COMPOUNDS 

Tr 1 Structures with only carbon in the rina 

vol. Content ^ 

y. Hydrocarbons 

Cyclopropane, 15 

Benzene, 179, Toluene, 280, Xylene, 362 
Naphthalene, 531, Diphenyl, 576,- Anthracene, 657 
Inphenylmethane, 698 
VI. Hydroxy Compounds 

Alcohols, phenols, phenol-alcohols 
Menthol, 28; Phenol, 110 
Cresol, 349; Naphthol, 596 

Trrr ^®«orcinol, 796; Pyrogallol, 1071 
V.II. Carbonyl Compounds 

Aldehydes, ketones, ketenes, quinones 

Camphor, 101; Benzaldehyde, 174 

Aeetophonone, 271; Benzophenone, 410 

xrTTT t' 747 

vlll. Hydroxy-carbonyl Compounds 

Salicylic aldehyde, 31; Benzoin, 166 

Aurine, 361; Alizarin, 439 
IX. Carboxylic Acids 

A. Hydroxy-carboxylic Acids 
Salicylic, 43 

Carbonyl carboxylic acids, 594 
Hydroxy-carbonyl carboxylic acids, 943 
XI. Acids 

Sulfinie, 2 
Sulfonic, 23 

^ Phenol sulfonic, 234; Naphthol sulfonic, 269 

Carbonyl sulfonic, 314 
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— {Continued) 

Vol. Contents 

Hydroxy-carbonyl sulfonic, 345 
Carboxylic sulfonic, 368 
Se and Te Acids, 422 

XII. Amines (Mono- only) 

Anilin, 59; Toluidine, 772 
Beiizylainine, 1013; Naphthylanaine, 1212 

XIII. Polyamines 

Diamines 

o-Phenyienediamine, 6; Benzidine, 214 
Triamines, 294 
Hydroxy amines, 348 
o-Aminophenol, 354; Pararosanilin, 750 

XIV. Carbonyl Amines 

Amino-benzaldehyde, 21; Arnino-acetophenone, 41 
Aniino-benzoplienone, 76; Amino-anthraquinones, 177 
Hydroxy-carbonyl amines, 233 
Amino carboxylic acids, 299 
Anthranilic acid (amino-benzoic acid), 310 
Amino hydroxy-carboxylic acids, 577 
Amino sulfonic acids, 

Benzene compounds, 681; toluene compounds, 719 

XV. Hydroxylaniines 
Hydrazines 
Plienylhydrazine, 67 

XVI. Azo Compounds 

Azobenzene, 8; derivatives of o-cresol, 130; derivatives of benzoic 
acid, 225 

Diazo compounds 
Diazobenzene, 428 
Azoxy compounds, 620 
Nitramines and nitrosohydroxylamines, 661 
Phosphorus compounds 
Phenylphosphine, 757 
Arsenic compounds 
Phenylarsine, 826 
Antimony compounds, 891 ■ 

Bi, Si, Sn, Pb, B, Tl, Mg, Ga, Hg, Na, Ft 


heterocyclic compounds 


Ring structures with other elements besides carbon in the ring 



Table 32.--Kby to Bbilsteni’s "Handbuch der organischen Chbmib.” 

—{Continued) 

VoL Contents 

XVII. One Cyclic 0.\-ygen (S, Se, or Te) 

Stem nuclei 
Fiirfurane, 27 
Hydroxy compounds, 104 
Furfuraicohol, 112 
Carbonyl compounds, 234 
Furfural, 272 

XVIIL One Cyclic Oxygen (continued) 

Carbonyl compounds (continued), 1 
Carbox^dic acids, 261 
Pyromucic acid, 272 
Sulfonic acids, 567 

Amines, 583; Hydroxylamines, 637; Hydrazines, 639 
Azo compounds, 643; Diazo compounds, 651 
Carbon-metal compounds, 653 

XIX. Two Cyclic Oxygens 

Stem nuclei 

Ethylene dioxide, 1; dixanthyl, 61 
Hydroxy compounds, 63 
Carbonyl compounds 
Ethylene carbonate, 100 
Fluorescein, 222 
Eosin, 228 

Carboxylic acids, 267 

Amines, 328 ^ ^ ^ ^ ^ ^ ^ ^ ^ 

Three cyclic oxygens, 381 
Pour cyclic oxygens, 433 
Five cyclic oxygens, 459 , . . 

XX. One Cyclic Nitrogen 

XXL One Cyclic Nitrogen (continued) 

Hydroxy compounds 

^Hydroxypyridine, 43; indoxyl, 69; hydroxyquinolm 
Carbonyl compounds, 236 

Y-yTT n 

AaU. One Cyclic Nitrogen (concluded) 

Carboxylic acids 
Quinoline carboxylic acid, 74 
Hydroxy-carboxylic acids, 190 
Carbonyl-carboxylic acids, 284 
Sulfonic acids, 386 
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Table 32. — Ket to Beilstein’s "‘Handbuch der organischen Chemib.’' 

— {Continued) 

VoL Contents 

Quinoline sulfonic acid, 390 
Amines, 419 

Amino carboxylic acids, 541 
Azo compounds, 572 
XXIIL Two C.yclic Nitrogens 
Stein nuclei 

Diazomethane, 25; pyrimidine, 89; dipyridyl, 199 
Hydroxy compounds, 348 

Cinchonine, 424; indigo white, 538 
XXIV. Two Cyclic Nitrogens (continued) 

Carbonyl compounds 

Hydantoin, 242; uracil, 312; indigo, 416; alloxan, 500 
XXV. Two Cyclic Nitrogens (concluded) 

Hydroxy-carbonyl compounds 
Hydroxy-indanthrene, 102 
Carboxylic acids, 108 
Sulfonic acids, 286 
Amines, 308 
Azo compounds, 535 

XXVL Three Cyclic Nitrogens to Eight Cyclic Nitrogens 

Supplements 

Supplemental Vols. I to XXV of the first series have been issued. They 
correspond in arrangement to the main volumes. Any detailed inventory 
of their content is, therefore, unnecessary. 

literature from 1910 to 1919, while the second supplement (in 
preparation) deals with publications of the next decade. Where 
available each entry includes the information listed below, 
together with references to the important original articles. 

Name, formula, structure, and configuration 
Bibliography, if in book form 
Important historical notes 
Occurrence, formation, preparation 
Properties 

Color, crystallography, physical constants. ... 

Chemical changes 

Action of heat, light, electricity, inorganic reagents, organic reagents 
Physiological properties 
Uses (technical) 
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Analysis 

Detection, determination of structure, quantitative analysis 
Addition compounds and salts 
Conversion products of unknown structure 

Aids 

Four aids are available to anyone wishing to consult the 
Handbook, There is (a) a detailed table of contents and (b) an 
index in each volume, (c) a code system locating each substance 
by means of an index or key compound and a number, and (d) a 
definite scheme of arrangement. Since the first three are closely 
related to and dependent upon the last, the “Beiistein system 
will be discussed first. ^ 

Depending upon their structure, or source, all organic com-' 
pounds fall into four main divisions which are considered in the 
order: 

a, A C2/cZic or chain compounds, 

h, I socy die or ring compounds, the ring consisting solely 
of carbon atoms. 

c. Heterocydic ring compounds, the ring containing other 

elements in addition to carbon. 

d. Naturally occurring compounds the structure of which is 

incompletely known. 

Principle of latest position 

Any compound is converted into its “stem nuclei, or basic 
groups, by substituting hydrogen for all other elements attached 
to carbon without disturbing rings. For example, the nuclei of 


HG CH 



J Cf. Bbiustein', 4th ed., VoL I, pp. 1-46. 

Peager, et aLf “System der organischeii Verbindungen/' Julius Springer, 
Berlin, 1929. “A Guide to the Use of Beilstein's Handbiich der organischeii 
Chemie.” 

Huntress, E.H., “A Brief Introduction to the Use of Beiistein’s Hand- 
biich der organischen Chernie,'' John Wiley Sons, New York, 1938. 

Richter, F., “Short Introduction to the Arrangement of Beilstein's 
Handbook , . . Julius Springer, Berlin, 1936. 


are benzene, metl: 
converted, yields 
the compound wi 
one of its nuclei 1 
of latest position 
rules governing t; 

In all cases w\ 
from two or mor 
different functiom 
discussed accordin 

Other basic rules 

Another genera 
order of decreasi 
p. 138). In the 
containing oxyge 
then the corres] 
The fourth divisi* 

Table 33. — Arkanc 
Hydrocarbons (Petr 
Ethereal oils 
Sterols (Ergosterol, i 
Fatty oils and fats 
Waxes 

Resins, balsams, sap 
Carbohydrates (Polj 
Glucosides (Coniferi 
Coupled gly Guronic : 
Alkaloids (Morpliin( 
Phosphatides (Lecit] 
Proteins (Albumin, ; 
Enzymes 

Nitrogen-free mater 
Nitrogenous substa: 
. . . ) 

Natural products n< 
acid, cork, lignin 
* From Vol. I, pp. X3 

information regar 
can be discussed ; 


1 Or its equivalen 
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Functional, substitution, and replacement groups 

When a stem nucleus is altered by replacing hydrogen with 
another element or a combination of elements the substituent 
may be modifiable, or it may not. If it is, (a) oxygen may 
function as the connecting link, or (b) sulfur, selenium, or 
tellurium may act in the same capacity. Products in which 
the substituent is not alterable form a third group. Should X, 
in the compound CH3X, represent OH, the H can be removed and 
some other element or combination given its position, the 
oxygen acting as a connecting link. When the 0 is replaced with 
S an example of the second group is obtained. If X indicatevS Cl 
or N 03 ,^ further change at that position is impossible without 
complete removal of the original substituent. All groups 
capable of modification, excepting CH3, C2H5, etc.,^ are called 
^4‘unctionaP^; all in which S, Se, or Te has been substituted for a 
functional oxygen are named ^^replacement groups/^ while all 
incapable of alteration are termed ^^noii-functionar^ or ‘^sub- 
stitution groups” (see Table 35 for functional and p. 139 for 
the nonfunctional groups). Whenever both functional and 
nonfunctional groups are attached to the same carbon, special 
rules are applied which will be discussed later. These rules 
eliminate, for the purposes of classification, cases involving 
mixtures such as functional plus nonfunctional grouj.)s attached 
to the same carbon. Consequently there are only three types 
as stated. 

Classes 

Returning to the main divisions the heterocyclic is unlike 
the acyclic and isocyclic in that it is first separated into hetero- 
classes (see Table 34). The acyclic division, the isocyclic division, 
and all hetero-classes are divided into 28 main clashes the first 

1 Whether can be changed to in the laboratorjr is not a factor. 
The compilers have decided to regard them as independent groups for the 
purpose of arranging entries in the handbook. Other peculiarities of a 
similar nature may confuse a beginner. He will soon realize, however, that 
they are necessary to specifically locate compounds by eliminating 
alternatives. 

2 These are eliminated because they raise a stem nucleus, or side chain, 
one or more steps ill the homologous series. 



Table 34. — Hetero-classes m the Heterocyclic Division 
Compounds containing one cyclically bound oxygen (or S, Se^ Te) 
Compounds containing two cyciicaliy bound oxygen (or S, Se, Te) 
Compounds containing three cyclically bound oxygen (or S, Se, Te), etc, 
Compounds containing oric cyciicaliy bound nitrogen 
Compounds containing two cyclically bound nitrogen 
Compounds containing three cyclically bound nitrogen, etc. 

Compounds containing one cyclic nitrogen and one cyclic oxygen . . . 
Compounds containing one cyclic nitrogen and two cyclic oxygen . . . 
Compounds containing one cyclic nitrogen and three cyclic oxygen, etc. 
Compounds containing two cyclic nitrogens and one cyclic oxygen ... 
Compounds containing two cyclic nitrogens and two cyclic oxygen ... 
Compounds containing two cyclic nitrogens and three cyclic oxygen, etc. 

of which consists of the stem nuclei, i.e., hydrocarbons in the 
acyclic and isocyclic divisions, w^hile the others depend upon the 
functional group present (see Table 35). 

Table 35. — Main Classes and Functioning Groups op the Acyclic 
AND Isocyclic Divisions AND Hetero-classes* 


Characterijiing 

Class Groups 

1. Stem nuclei 

2. Hydroxy compounds — OH 

3. Carbonyl compounds — CHO or =C=0 

4. Carboxylic acids. —COOH 

5. Siilfinic acids. ....................... . . . . . . . — SO 2 H 

6. Sulfonic acids. ... . , ....... . . .......... — SO 3 H 

7. Selenous and selenic acids — Se02H, — SeOsH 

8. Amines -—NHz 

9. Hydroxylamines — NHOH 

10. Hydrazines. ....... — NH*NH 2 

11. Azo compounds. ........................... — -N :NH 

12-22. Other N derivatives, 


23-28. Compounds in which C is united directly to a metallic element. 

The order is according to Periodic Groups 5, 4, 3, 2, 6, 7, 8; e.g., 

Class 23 consists of compounds in which C is bound to P, As, Sb, 
or Bi. 

* For a complete list see Beilstein, Vol. I, p. 9-10. 

Subclasses 


Within each main class there are subclasses. In Class 1, 
for example, these are the so-called homologous series. They 
are arranged in order of decreasing saturation thus: 
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Acyclicj 

Isocyclic 

Heterocyclic 

division 

division. 

i division 




CnH^n-. i 

CuHan-S 

CoH!.„_,N 

i 

CflH^ 2n — 4 

1 


Each subclass is composed of rubrics, usually called ^ individual 
members of a series”; e.g., within the methane series are methane 
and its derivatives, ethane and its derivatives, etc. The arrange- 
ment would appear in outline as follows: 

Main division Acyclic 

Main class Hydrocarbon 

Subclass Methane series 

Eiibric Methane 

111 Class 2, hydroxy compounds, the subclasses are arranged 
in order of increasing number of hydroxyl radicals. The same is 
true of later classes except that additional STibclasses arise 
through the jirosence of more than one sort of functional group 
in the same compound. Starting with Class 5 this would 
lead to complications except for the introduction of siib->sub- 
classes. The situation is, perhaps, best revealed by the following 
examples:^ 

A. Acyclic division 

Main Glass 4, Carboxylic acids 
Subclass A. Monocarboxylic acids (Formic acid . . . ) 

B. Dicarboxy lie acids (Oxalic acid . . . ) 

C. Tricarboxylic acids, etc. (Methanetriearboxylic acid 

• . b') 

L. Hydroxy-carboxylic acids 

1. With, 8 oxygens (carbonic acid . . . ) 

2. With 4 oxygens, etc. 

M. Carbonyl-carboxylic acids (glyoxylic acid . . . ) 

1. With 3 oxygens, etc. 

N. Hydroxj^-carbony.l carboxylic acids 

1. With 4 oxygens, etc. 

i Compiled from the ‘'Table of Contents of Vols. II, Hi, and IV. 
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B. Acyclic division 

Main Class 8, Amines 

Subclass A. Mono-amines (Metliylamine . . . ) 

B. Biainiiies (Methylene diamine), etc. 

D. Hydroxy amines 

1. Airiino derivatives of monohydroxy compounds 

2. Amino derivatives of dihydroxy eorapouncls, etc. 

E. Carbonyl amines 

Amino derivatives of monocarbonyl compounds 

F. Hydroxy-carbonyl amines 

1. Amino derivatives of the 2 0 compounds 

2. Amino derivatives of the 5 0 compounds 

G. Arnino-earboxylic acids (Amino acids) 

1. Amino derivatives of monocarboxjdie acids 

(Glycine . . . ) 

2. Amino derivatives of dicarboxylic acids (Amino- 

malonic acid . . . ) etc. 

H. Amino-hydi'oxy carboxylic acids 

1. Amino derivatives of the 3 0 compounds, etc. 

I. Amino-carbonyl carboxylic acids 

K. Amino-sulfonic acids 

1. Amino derivatives of monosulfonic acids 

L. Amino-carboxy lie sulfonic acids 

Coupling or anhydrosynthesis 

The derivatives of Class 1 compounds (Table 35) are all non- 
functional because the introduction of a functional group 
immediately transfers the substance to another class. The 
order of arrangement of non-functional or substitution deriva- 
tives is 




-I, -NO, 


Beginning with Class 2 aU three types of derivatives are 
possible. Functional derivatives are considered first, then 
substitution, and finally replacement. Derivatives of functional 
compounds are of two sorts, those theoretically obtainable by 
coupling the parent, or index, compound with (a) an organic 
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molecule and (b) an inorganic molecule. The coupling process is 
termed anhydro-^syniheds because water is eliminated in the 

Table 36, — Inokgakic ConriaiNG Compounds in Okder of Consideration 
I. Hydrogen peroxide HO 'OH 
11. Oxygen acids 


A. Halogen acids 

HO-Cl 

HO-Br 

HOd 

B, Sulphur acids 

Sulfoxylic 


HO-CiO 


HO-ClOa 

H0Br02 

HOdOs 


HO.CIO3 


HOdOg 


HO-SOH 
Hyposulfurous HO-(SO) 2 *OH 
Sulfuroiis HO-SO-OH 
Sulfuric HO-SOs-OH 

(Selenium and Tellurium acids in same order) 

G, Nitrogen acids 

Hyponitrous HO*N:N*OH 

Nitrous HO-NO 

Nitric HO-NOg 

D, Phosphorus acids 

Phosphorous HO-P(OH )2 
Phosphoric H0'P(0H)3, etc. 

(Arsenic acids in the same order) 

E. Silicon acids 

Silicic HO*SiO.OH, etc. 

Ill, Halide acids 

HF, HCi, HBr, HI 

Nitrogen compounds, coupling being effected through use of H directly 
attached to N 

NH 3 , HsN^OH, HNO(Hn/^^ and ), HNO 2 

NqS 


IV. 




Hydrazine, NH 2 NH 2 , and other 2N compounds 
Compounds containing 3 N(NH 2 'NH-NH 2 ), HN 3 , etc. 

Compounds containing more than BN 
V. Compounds of P, As, Sb, Bi, and other elements of the periodic groups 
(4, 3, 2 , 1 , 6 , 7, 8 ) in which H is attached directl}^ to the element, 
in so far as they have not been previously considered 

operation. The following restrictions apply: 

a. An organic coupling compound must contain a C — OH 
group. 

h. No organic compound may be used as a coupling compound 
before it has been described in the text. 
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Examples: 


Index 

compound 

Coupling 

compound 

Derivative 

C2HsO|h~ 

HO CHa 

C2H5OCH3 

CjHsjOH 

HjoSOaOH 

C2H5OSO3H 

0 

II 


0 

II 

CHsC OH 

h|nh2 

CH3C — NH2 


It should be noted that the folIoAving are not considered as 
legitimate couplings, the first because it gives an index compound 
oi another class and the second because it gives a non-functional 
derivative previously considered: 

C2H5OH + NHs CjHtNHj + H „0 
C2H5OH + HGl C2H5CI ■+- HsO 

Degrees of derivatives 

Derivatives may differ in degree. The examples given above 
are of the first degree. They result from the anhydro-synthesis 
of an index and a coupling compound. Second- and third-degree 
derivatives are obtained by alteration of the coupled part. 


First degree 

Second degree 

Third degree 

C2H5OCH3 

C2H5OCH2C1 

CsHsOCHCb 

C2H5OCCU 


C2H5ONH2 

CaHsONHCHs 

CaHsONHCHaCl 


CzHjONeb 

C2H5ONHCHCI2, etc. 


c. Inorganic coupling compounds must contain a replaceable 
hydrogen atom (see Table 36). 


Precedence 


The rules of order are: 

a. Derivatives involving organic coupling compounds are 
taken up in the order of arrangement of the coupling compounds 
m the text. 
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5. A derivative containing a new group is first combined 
with all preceding groups before multiplication of the new 


group. 

c. All known alterations of the first degree are discussed 
before any of the second degree, ail of the second before any 
of the third, etc. 

When an index compound has more than one functioning 
group two modes of arrangement are used. If all groups are 
alike the coupling compound will be united first with one, then 
two, and so on, e.g. : 


H 

C 

/ \ 

HC COOH 

ni iooH 



H 

c 

YjOOCHs 
HC GOOH 





H 

C 


/ \ 

HC COOCH3 




HC COOCH3 
H 


If the functioning groups are different all of the derivatives 
of one are considered then those of another, e.g., in CGH 4 NH 2 - 
COOH all of the alterations involving the COOH appear first, 
then those of the NH 2 . Of course in cases of mixed functional 
groups the principle of latest position applies as regards place- 
ment of the index compound. 

Compounds having tautomeric or desmotropic forms are 
discussed in detail under one modification w%ich is designated 
the index compound,^’ The other form will be found in its 
proper place but will have only a cross reference to the first one. 


I 
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Main division 
Main class 


Plydrocarbons (Order: increasing complexity, decreasing saturation) 
Index compound 

Substitution derivatives 

Order: ~F, --C1, -Br -I, -~NO, -NOs, -Na 
Hydroxy compounds 
One hydroxyl group 
Index compound 

Addition compounds, salts ... 

Functional derivatives 

With organic coupling compounds 

Order same as that of the coupling compounds in the text 
With inorganic coupling compounds 
Order indicated in Table 36 
Substitution derivatives 
Order same as above 
Replacement derivatives 

Order same as that of the corresponding oxygen compounds 
Two hydroxyl groups 


3. Carbonyl compounds 

One carbonyl group, etc. 

Use 

.A place for every compound having been provided, the 
system next encounters its most important test. After the 
arrangement is complete if it proves to be so complicated that 
any particular compound cannot be located in a reasonable 
amount of time the scheme is obviously of little value. Fortu- 
nately the Beilstein system renders possible the location of any 
substance in a few minutes because there is one and only one 
place for it. Should anyone fail to find it either in the main 
volume or in the supplement, but two conclusions are possible; 

(а) that the product sought was not described before 1920 or 

(б) that it has been omitted inadvertently.^ Naturally a 
scheme embracing over 250,000 compounds, some of them very 
closely related, would be expected to involve a few peculiarities. 
These, however, are not very difficult to master. 

Index coHipottads 

In the first place all entries are either ^^index,” i.e., parent com- 
pounds, or derivatives. If the former they may be located by: 
^ Considering its nature the work is remarkably free from errors. 
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1. Observing the division and class to ascertain the appropriate 

volume, then 

a. Consulting the Inhalt 

b. Consulting the Index ^ 

2. Use of some other aid as 

a. Lange^s “Handbook^’ 

h. The Beilstein Guide” (see footnote, p. 134) 

List of system numbers, pp. 57-146 
List of common names, pp. 147-216 
Alphabetical class index, pp. 217-246 

Derivatives 

Derivatives are arranged under their individual index com- 
pounds in the order specified on p. 141. Non-functional deriva- 
tives yield the parent compound by substitution of hydrogen 
for the non-functioning groups, hence can be classified by mere 
inspection. Beflacenient derivatives are treated like other 
functional derivatives, after substitution of oxygen for the S, Se, 
or Te wherever coupling with an organic compound has occurred 
through one of these elements. Otherwise all functional deriva- 
tives are divisible into two types depending upon the nature of 
the coupling compound. ‘‘Hydrosynthesis” yields the index 
compound and the coupling compound. If it is inorganic the 
arrangement on p. 140 applies; if organic, the placement will 
depend upon its position in the scheme. There are, however, 
certain details about the procedure in hydrosynthesis that 
require some explanation. 

Hydrosynthesis 

Whenever functioning groups are attached to different carbon 
atoms in a compound it is merely poiyfunctional and is treated as 
previously indicated (p. 135). When functional and non-func- 
tional groups are similarly located the compound is a non- 
functional derivative of the functional index compound; e.g., 
ethylene chlorhydrin (CH 2 CI-CH 20 H) is a derivative of ethyl 
alcohol, a Cl having been substituted for an H in the GHs group. 
If at least two functional groups or one functional plus one or 

1 The index has a definite system of arrangement based upon rules for 
priority among substituents. For details see Vol. 1, pp. 939-44. 
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more non-functional groups are attached to the same carbon 
atom three situations may arise. 

1. The index compound may be SJO. aldehyde, smcQ R~CHO 
is considered equivalent to R — C(OH) 2 . 

H | Cr~H |OH H OH H 

R— (};=o 


Other examples: 


H OH H 80.H H 

-C' R-0^ R_({j 


2. The index compound may be a ketone, since RR'C=0 is 
considered equivalent to RR'C(OH)... 

R Op R 

/ \ -V c 0=0 

OH R' lOH R'^ 


^ Substitution of R' for the H attached to C in the illustrations 
given under No. 1 will give examples of ketones. To the ketone 
class also belong the following: 


Ketones Quinones 

n o 

'^C=CO 

II 


Heterocyclic 

Lactones ' Lactams 

O CH2-™-C=0 

CH«— 0,"^ H— HiIh 




Hs— 0 


3. The index compound may be a carhozylic acid, since RCOOH 

^OH 

is considered equivalent to R- -C— OH. 

'^OH 

^ N attached to C by a double or triple bond comes under the rules. 


ill: 


lit 


I 








iiiiiiiw 
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OH OH 

/ /_ 

R_cl.Ci~HiOH C—OIH -^E— COOH 

\ \ J 

Cl HOH |OH 


Other examples: 

0 

NH, 


R—C— NHo 
\ 

OH 


OH R— C^N 


It should be observed that the foregoing rules do not include 
the case of two or more non*-functional groups attached to the 
same carbon atom with no functional group present. The 
reason is that such compounds are classified as substitution or 
non-functional derivatives of the corresponding h^nlrocarl )on. 


R—C— NO;: 


R— C 1 

\ 

I 


In conclusion, the location of any compound in Beilstein 
requires, fi7\st, determination of the division to wliich it belongs 
(acyclic, isocyclic, or heterocyclic); second ^ a determination of 
the index compound; and, thirds a decision as to the type of 
substance (hydrocarbon, functional derivative obtained by 
coupling with an organic or inorganic compound, etc.). When 
more than one division is involved the last one to be considered 
is the one to wdiich the compound has been assigned. Similarly 
when the compound contains different functioning groups it will 
be found under the last one in the mixed-functions subclass 
(principle of latest position). Hydrosynthesis, for the purpose 
of ascertaining the index compound in complex substances, 
muvst not disturb ring structures or carbon-to-carbon linkages. 
When organic coupling compounds are involved, the OH from 
the HOH goes to the coupling compound. When inorganic 
coupling compounds are concerned, the H from the HOH goes 
to the coupling compound. The final products of all hydro- 
synthetic operations must be index or coupling compounds. The 
following illustrations of the process may be of assistance. 
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Examples: 

1. H OH This compound is acyclic and has a func- 
1/ tional plus a nonfunctional group attached to 
CHsC — ^Cl one carbon. Hence by hydrosynthesis acet- 

aldehyde is the index compound. It was coupled with an inor- 
ganic halogen acid to give the product sought. 


CH 


Icr 


H OH 


H 


■io'HI 


H 

■ CHs(!i=0 


Four paths may now be followed all leading to the same place. 

а. The index compound is an acyclic^ ^^oxo-verbindung” 

therefore in Vol. I. (See analytical table on pp. 129-33 of 
this manual or the backs of the volumes themselves.) Page VII 
of the “Inhalt” shows that stajt on text 

p. 551. On p. VIII acetaldehyde is found to start on text p. 594, 
its functional derivaUves on p. 603. Derivatives involving 
inorgamc coupling com-pounds on p. 605, 

and those of the inorganic halogen acids on p. 606, where the 
dcvsired substance CHaCPTOH-GI is located. 

б, Find the word t^acetaldehyd'’ in the index at the back of 
Vol. 1. Turn to the page there iiidicated, Le., 594. Thence 
proceed as in a. If the indexed name “Acetaldehyd hydro- 
chlorid” is known it will give the text p. 606 directly. 

c. Using Prager^s Guide find acetaldehyde in the “ Ver- 
zeichnis der Systemnuminern ” under “Oxo-verbinduiigen,” 
system No. 77, p. 58. Then find system No. 77 in Vol. I on 
p. 594, and thereafter imoceed as in a. The “Verzeichnis 
von Trivialnamen ” (list of common na.mes) starting on p. 146 
of the “Guide” would be equally useful. 

d. Find acetaldehyde in Lange bS “Handbook.”- Entry No. 5 
refers to Beilstein, Vol. I, p. 594. Thereafter proceed as in a. 

H H While this compound is an isomer of 

2. H— C— C— OH the one previously considered it will 
Ci H not be found in the same place because 

t See footnote, p. 134. 

^Langb, N.A., ^Handbook of Gheinistry,^^ Handbook Publishers, 
Sandusky, Ohio, 2d ed., 1937. There is, on pp. 264-490, a taVjle of “Physical 
Constants of Organic Compounds ” which contains a reference to Beilstein IV 
for each of the 4,452 compounds listed. 
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the functional and non-functional groups are not on the same 
carbon. 

a. Replacing the non-functional Cl with H the index com- 
pound is obviously ethyl alcohob an acyclic, '^mono-oxy Ver- 
bindung.^' In VoL 1^ “Inhalt^^ p. VI under ^^Alkohols’' is 
found ^^Ethyl/^ and under that “ Substitutionsprodukte ” 
which refers to text p. 336. With that page as a starting point 
the desired compound is on 337. 

b. Find “Athanok' or ^k^thylalkohok^ in the index of Vol. I. 
The reference in either case is to p. 292. Then by turning the 
pages beyond 292 the right one, 337, ultimately will be reached. 
If the names ^^Chlor-athanol, Glykolchlorhydrin, or Athylen- 
chlorhydrin^^ are used, they will refer directly to p. 377. 

c. In the Guide, p. 57, below system No. 20, /^Athylal- 
kohol/' will be found ^‘22) i(?-Substitutionsprodukte des Athylal- 
kohoL^' This refers to Vol. I, p. 336. The desired product is 
on the next page of that volume. 

If Alkohok^ is looked for in the list of common names, p. 148 
of the Guide, a reference to system No. 20, VoL I, p. 292, 
is obtained which gives a starting point not as close to the 
desired substance as the preceding method. 

d. In Lange’s “Handbook,” p. 368 No. 1987, the reference is 
also to Vol I, p. 292. Under “Ethylene Chlorohydrin ” (p. 372, 
compound No. 2063) will be found the direct reference, Vol I, 
p. 337. 


CHsC 




JNH This compound has two functional 
groups attached to the same carbon. 
^0C2H5 Hydrosynthesis yields a monocarboxylic 
acid as the index compound which has been combined with the 
organic and the inorganic coupling compounds C2H5OH and NH3 


GHgC 



‘CHsC 






+NH3+C2H5OH 


OH 


to form the desired ethyl ester of imino acetic acid. It should 
be noted in this example that the =NH is not considered a main 
class group but is from the inorganic coupling compound NH 3. 




a. Acyclic monocarboxylic acids are in VoL II. The ‘^Inhalt/’ 
p. Ill, has the entry “ Essigsiiure/’ p. 96. Farther along, beyond 
the organic functional derivatives, because of the principle 
of latest position, will be found ^^Ammoniak-derivate der Essig- 
saure,^^ text p. 175. On this page, acetimide and its derivatives 
are first encountered. The search ends on p. 182. 

h. Find “Essigsaure-amid” in the index of Vol. II. This 
will give the text p. 175. Proceed from there as already indi- 
cated. If the entry Acetimino-athylather^^ is consulted the 
reference will be direct to p. 182. 

c. On p. 59 of the “ Guide will be found ^^Essigsaure'^ under 
system No. 158. In the common-name index on p. 168 under 
the same entry wdll be found the additional information, Vol, II, 
p. 96. Either will ultimately lead to the desired compound. 

d. The closest reference in Lange’s ^^Handbook” (p. 266, 
No. 13) is to acetamide which gives Vol. II, p. 175. 

4. COCI 2 Carbonyl chloride or phosgene is readily found by 
name in either Lange’s ‘''Handbook” or the common-name 
index of the ‘'Guide.” Without these aids the only difficulty 
is to ascertain which volume of Beilstein to examine. This is 
readily determined by hydrosynthesis. 


OH 

c4 

■■ \ ■ 

OH 


-f HCl 


The index compound is hydroxyformic acid or carbonic acid, 
an “Oxycarbonsaure” which has been united with an inorganic 
halogen acid. This directs the search to Vol. Ill, where the 
“Inhalt,” p. Ill, under “ Oxy-carbonsauren . . . Kuppelimgs- 
produkte aus Kohlensaure” contains the word " phosgen ” 
and refers to text p. 9. After the couplings involving one 
functional OH have been passed the first entry emplo 3 dng both 
of them is the desired compound. It is on p. 13. 

If the "Inhalt” is ignored both of the names "phosgen” 
and " carbonyl chloride ” will be found in the index, each referring 
to p. 13. 

5. KGN According to the imles (p. 145) wffien an N is thrice 
bound to C the index compound is an acid, in this case formic acid 
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H 

OH 

f 

III 

N H 

op 

i 

h; 

|OH 


0 




• H— + NI-I 3 

'"oh 


which has been coupled with ammonia to yield a nitrite — 
'^formonitrite/' ^^Blaiisaiire,” or hydrocyanic acid. The com- 
pound desired is the potassium salt of that acid. 

а. Since a simple acid is involved, Vol. 11 is indicated. In 
the /'Iiihalt,” p. Ill, under “Monocarbonsaure^' are found the 
names “Fo'rmonitrite, Cyanwasserstoff, Blausaure^^ and the 
text p. 29 is given. KCN is on p. 41, under salts. 

б. In the index of Vol. II “Cyan-kalium^^ is entered together 
with the reference to p. 41. 

6. C60H*CH-NH2*CH2C0-NH2 This compound, rewritten, 
is seen to be tlie amide of a dicarboxyiic acid containing a func- 
tional NH2 group 


H 

H; 


NHo 

COOIT 

X/ 


NH. 

H— C -COOH 




C« 


COOH 


+ mi. 


HO 


NH. 

H 


The index compound is amiuosuccinic acid which has been 
coupled with NHg. This index compound comes under the 
arrangement covering amines associated with other functioning 
groups (see p. 139). The classification is amino derivative 
of a dicarboxylic acid.^^ 

a. According to the foregoing statement VoL IV is indicated. 
The ^'Inhalt/^ p, VI, contains the entry ^' Aminoderivate der 
Dicarbositure, CnH2n-204.” This is the empirical formula of 
succinic acid, so the search is* continued from p. 469 to p. 471 
where, under C4H0O4, the desired compound, d-asparagin, is 
the last one on the page. 

b. The index in Vol. IV contains the entry /^Asparagin^^ and 
refers directly to p. 471. 

c. In the Guide p. 63, the system-number list, refers to 
amino diearboxylic acids under system No. 372. The common- 
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HOlH 1 


OCeH^I 

0=0 



0 

P 

%-i 

t HO 

H 1 


name list, p. 151, refers to Vol. IV, p. 471 under the entry 
^^Asparagin/' 

d Lange’s '^Handbook/’ p. 286, No, 387, refers to the laevo 
but not to the dextro form. 

7. CgHsO-CO-OCgHs The only problem in finding the 
compound diphenyl carbonate is determining the volume to 
consult. Hydrosyiithesis reveals that the index compound is 
phenol which has been coupled with carbonic acid. 


GoH^OH + H2CO3 


a. Since phenols are discussed in Vol. VI, an examination of 
the Inhalt, ” p. IV, reveals “ Kupplungsprodukte aus Phenol 
und Carbonsaure” which start on p. 152. The desired com- 
pound is on p. 158. 

5, c, d. Details will be omitted, since they are obvious from, 
the preceding statements. 

8 \nO These compounds are isomers. They 

^ X X " . will be found in the same place, but the 

\cH NO product is considered 

X X ^ ^ before that involving the side chain. 

Paranitrotoluene is a substitution derivative of toluene. 
Turning to the “ Inlialt” of Vol. V under ^' Kohlenwasserstoffe, 
CaH 2 n^ 6 ,” will be found ^^Toluol,” then “Siibstitutionsprodukte 
des Toliiols, 290.” The halide compounds are first, then come 
ortho- and meta-nitrotoluene with the para derivative last on 
p. 323. The isotner, phenylnitromethane, follows on p. 325. 

9. NO,/ No.ch,-cohh, f ■* ‘i™’"?™ f 

\ / anitrophenol and hydroxy- 

acetic acid. Isocyciic hydroxy compounds are in Vol. VI. 
Paranitrophenol is on p. 226, the hydroxyacetic acid 

VO.,'.,'. 


9. NO 2 


>0CH2-C0NH2 


OttCHsG- 


EjOH HOlH I 

derivative at the top of p. 234, and the desired compound “4- 
nitro-phenoxyessigsaiire-amid” a few lines below. 




I* 


KSC 


ill 


■1 

ilii 


iijp 
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10. C6H5S02NCi2 Benzenesulfonic acid dichloramide is a 
thii'd order derivative of the index compound benzenesiilfonic 
acid coupled with ammonia which indicates that Voi. XI \\dll 
contain the compound sought. It is on p. 49. 


11 


. HO<( )>N;N<(^ ^C=C<^ )>N:N<( )>OH 

1 I 

SOsNa SOsNa 


If the name of this dye, brilliant yellow/’ is known it can 
be found quickly by consulting the common name index of the 
Guide” (p. 154) where the system No. 2156 is given. This 
leads directly to Vol. XVI, p. 290, or to the index of the same vol- 
ume which shows that brilliant yellow is on p. 291. Should the 
common name be unknown hydrosynthesis shows that the com- 
pound is an azo derivative of a disulfonic acid, (C,,H 2 n.-iGOGS 2 ). 
Hence the “Inhalt” of Vol. XVI will serve as a guide. 




N| 

HO 


H H /- 


R 


BOM 


SO,H H 


>OH 


]>C 


OH 


12. NHa'CHsOONH-CHCHsCOOH Whenever hydrosyn- 
thesis can be effected in more than one way that method is 
always chosen which yields an index compound entered later 
than any of those obtained by other methods. The foregoing 
substance may be decomposed in two Avayvs: 


a. NHa—CHr 


-NH~ 


H 0 

■ 


5/NH 


H 

i- 

H 

NHj— C- 


.(N fi'' 

ohth"^^ I \ 

GHs OH 
H 

I 

-CO— NH— -6~C00H 

Hj OH I 

ca, 

' .'H 

HoVcOOH 

, <!)H3 : 


-GO 
OHi 


NH., 

IH 
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Since CH 3 'NH. 2 *CHCOOH, alpha aminopropionic acid or 
alanine, as obtained in a, occurs last in the system, this index 
compound is the one under which the original substance will 
be found. It is in Vol. IV, p. 381. Glycyl-d-alanine, the sub- 
stance desired, is on p. 483. 


13. 


COOH 

COOH 


/ 


O Even though these two com- 
pounds are closely related, ac- 
cording to the system phthalic 
acid is an isocyclic dicarboxylic 
O acid, therefore in Voh IX, 
p. 791; whereas phthalic anhydride is a heterocyclic diketone, 
hence in Vol. XVII, p. 469. 


A' 

V 






Qjj Hydrosynthesis at 

the point indicated, 
which, according to the 
rules, is the only one 
permissible, reveals 
the fact that thiophene 
aldehyde was united 
with phenylhydrazine 
to form the compound sought. Since the index compound 
is a replacement derivative of furfural, that substance or 
its parent, furane, is first located in Volume XVII. There- 
after the ^Hnhalt” or the index will lead to p. 286. 
The table of contents lists ^^Thiophenaldehyd und Derivate,” 
p. 285, under ^^Monoxo-Verbindungen, CuH2n~602.” The 
index gives both ^'Thiophen-aldehyde^^ and “Thiophen- 
aldehydphenylh^^drazon/^ 


H 

U 

HC C— C-= 


HO 

HO| 


H 

I 

N— N< 

H 
H 


Space limitations make it. impossible to consider the other- 
books of organic chemistry in any detail. The balance of this 
chapter will be devoted, therefore, to two lists: (a) the more 
advanced reference books of the field with a few comments as to 
their scope or usefulness and (6) the more important laboratory 
aids with some indication of their value. 


Advanced treatises 

Grignard and Battd (ed.) , “Trait6 de chimie organique,” 
Masson & Cie., Paris, 1935- . The fourth volume was 

published in 1936; eleven more have been planned. After the 
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death of Grignard, Professors R. Locciuin and G. Dupont were 
selected to complete his share of the work. 

Each volume consists of papers on various phases of organic 
chemistry by eminent French scientists. Volumes I and 11 form 
a general introduction to the series; III deals with aliphatic 
and cyclic hydrocarbons; and IV, with cyclic hydrocarbons. A 
few of the titles follow. 

I. Organic Analysis. Liquid Crystals. Distillation. No- 
menclature. 

11. Optical Properties of Organic Coinpounds. Raman 
Effect. Parachor. Mechanism of Reactions. Free 
Radicals. Catalysis. 

III. Saturated Hydroea.rbon>s. Halogen Derivatives. Mono- 

cyclic Terpenes. 

IV. The Benzene Ring. Halogen Ring and Side Chain 

Derivatives. Technical Uses of Petroleum Products. 

MnyER and Jacobson, “Lehrbuch der organisclien Cheniie/' 
Walter de Griiyter Co., Berlin and Leipzig, 2d ed., 2 vols., 
1907- . Edited by Paul Jacobson. The first volume of 

this edition, covering aliphatic compounds, was published in 
two parts: Part 1—1907 (last reprinted in 1922), Part II — 1913 
(last reprinted in 1 923), The second volume, dis{nissing aromatic 
and naturally occurring eompoiiiids, was started in 1914. Five 
sections were finished by 1929, ].)ut, asid(‘ from a promise to 
comph^te the Avork promptl}^, jiothing further has been done. 
For many years this was considered the best textbook of organic 
chemistry. 

The compounds are discussed according to types with a 
good description of every imj^ortant individual in each group. 
Adequate references to the original literature are given. 
The material published thus far covers over four thousand 
pages. 

Cohen, J.B., “Organic Chemistry for Advanced Students,*’ 
Edward Arnold & Co., London, 4th ed., 2d printing 1923-4. 
Part I, Reactions; U, Structure; III, Synthesis. This text is 
much shorter than that by Meyer and Jacobson but very good. 
There are many references to original sources. Ea(‘h part, 
or volume, has an author and a siil)ject index. The preface 
calls attention to the new subject matter included in this edition 
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and also states that natural dyestuffs and 
not considered. 


synthetic drugs are 


Richtek, V.v.j “Organic Chemistry or Chemistry of the 
Carbon Compounds/’ P. Blakiston’s Son & Co., Philadelphia. 
New translation and revision of the 12th German ed. Vol. I, 
Aliphatic Compounds, by E.N. Allott, 1934, Volume II, 
Carbocyclics, and Vol. Ill, Heterocyclics, are in preparation. 
The German edition of Vol. II, edited by R. Anschutz, was 
published in 1935. This is a well-established work as attested 
by 12 German, 3 American, and 3 English editions. The new 
version follows the systematic and concise treatment of the 
previous issues. There are many references to the original 
literature. Some of the newer concepts have been introduced, 
e.g., PregFs microanalysis and the electronic tlieory of valency. 

ScHLENK and Bebgmann, “ Ausfuhrliches Lehrbuch der 
organischen Cliemie/^ Franz Deuticke, Vienna, Vol. I, 1932. 
This volume co^^ers the aliphatic series. It stresses fundamental 
principles and reaction>s, ignoring detailed discussions of individ- 
ual compounds or industrial processes. The structure of 
complex substances is considered in some detail, e.g., cellulose, 
rubber, and hemoglobin. 

ScHMiPT, Julius, “Textbook of 'Organic Chemistry/^ Gurney 
& Jackson, London, 3d English ed, revised by H.G. Rule, 
1936, This is the latest translation of Schmidt^s weil-known 
“ Kurzes Lehrbuch der organischen Chemie.’’ 

Kabbee, Paul, “Lehrbuch der organiselien Chemie/’ Georg 
Thieme Verlag, Leipzig, 4th ed. 1936. 

Hugkel, Walteb, “ Theoretische Grundlagen der organischen 
Chemie,^^ Akademische Verlagsgesellschaft, Leipzig, Vols. I 
and II, 1931. “ A careful analysis of the experiniental founda- 

tions for the present views concerning the nature of the organic 
compounds. This work is more up-to-date than Hinrichks 
“Theories of Organic Chemistry (trans. by Johnson and 
Hahn). 


Elementary textbooks 

CoNANT, J.B., “Chemistiy of Organic Compounds,” The 
Macmillan Co., New York, 1933. 
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Holleman, A.F., “Textbook of Organic Chemistry," Walter 
de Gruyter Co., Leipzig, 20th ed. by F. Richter, 1936. 

Lowy and Haeeow, “Introduction to Organic Chemistrv » 
John Wiley & Sons, New York, 4th ed., 1936. 

Yo^rigs?"^’’ Chemistry,” American Book Co., New 

Mooeb, RJ. “Outlines of Organic Chemistry,” John Wiley & 
boms, New York, 4th ed. revised by W.T. Hall, 1933. 

of Organic Chemistry,” McGraw- 
Hill Book Co., New York, 3d ed., 1931. 

Perkin and Kipping, “Organic Chemistry,” J.B. LinDincotf- 
m., Philadelphia. “Entirely new edition” by F. Stanley 

luppmg and F. Barry Kipping, 1932. ^ 

Dyes 

l^ORPE and Linstead, “Synthetic dyestuKs ” Charles 

GriiEn & Co,, London, 7th ed., 1933. 

^ Meyer Fritz, “Chemie der orgaiiischen Farb.stoffe,” Julius 
Springer, Berlin, 3d ed., Vol. I, 1934; 11, 1935. The finst volume 

C.t”„7cof Chemical 

^Rowe F^. (ed.), “Colour Index,” Society of Dyers and 
Colourist^ Bradford, Yorlcshire, England, 1 st ed S- 
suppL,l928. Similar to Schultz, ^. 0 . ’ ’ 

hafXrJ “^f’^'*f°ff-fabellen,” Weidmannsche Buch- 

7thed.re;itdhyLM'^^^^^ 

1934 arrangement of all commcTcUl^^'imp^rtm 

~n! 

ft - ■ 

Miscelleneous general surveys 

Volume II wa, reprinted in 1036 adth an miditional Jition on 
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biochemistry by H. Graham. survey of numerous funrla- 
nieiital problems” both constitutional and theoretical. This 
treatise “is not intended to serve as a reference book, but to 
furnish a general survey of those fundamental principles which 
underlie the modern developments of this branch of chemistry.” 


Schmidt, Julius, “Jahrbuch der organischen Chemie,” 
Franz Deuticke, Vienna, VoL 1, 1907 — -VoL 19, 1932. Each 
volume summarizes the advances of the year, excluding dyes and 
patents; gives a list of the important books published and the 
eminent investigators who died during the period covered. 

Schmidt, Julius (ed.), “Ghemie in Einzeldarstellimgen,” 
Wissenschaftliche Verlagsgesellschaft, Stuttgart, Vol. I, 1912; 
Vol. XVn, 1934. This valuable series of monographs includes 
the titles listed in Table 37. 


Table 37. — Some Monographs in the Series “Chemie in 
Einzeldarstellungen 


Volume 

Date 

Subject and author 

I 

1912 

Keteiies, by Staudinger 

IV 

1913 

Handbook of organic arsenic compounds, by Bertheim 

V 

1913 

Hydrazine, by Wieland 

VI 

1914 

Tripheny Im ethyl, by Schmidiin 

X 

1920 ‘ 

Physical properties and chemical constitution, by 
Kanffmaiin 

XIV 

1929 

Commercial resins, by Schreiber and Silndig (Good 
patent survey) 

XV 

1931 

■ ■ 

Organic materials used for electrical insulating purposes, 
by Stager 

XVI 

1932 ! 

Organometallie Compounds. Pt. 1, Magnesium Com- 
pounds, by Runge 

XVII 

1934 1 

i 

Organoinetallic Compounds. Pt, 2, by Schmidt 


Heilbeon, I.M. (ed, in chief), Dictionary of Organic Com- 
pounds,” Oxford University Press, New York, Vol. I, 1934; 
Vol. II, 1936; Vol. Ill, 1938. This compilation, arranged in 
alphabetic order, according to the common name of the com- 
pound, aims to include, for each substance, its source, physical 
properties, chemical properties, and a reference to the best 
method for preparation. 
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Lippmann, E.O.v., ^'Zeittafeln ziir Geschichte der organisclien 
Chemie,” Julius Springer, Berlin, 1921. A chronological list 
of important events from 1500 to 1890. 

Ipatiev, V.N., Catalytic Reactions at High Pressures and 
Temperatures/’ The Macmillan Co., New York, 1936. Ipatiev 
summarizes his own Tvork in the field. 

Saunders, K.H., ‘‘The Aromatic Diazo-coinpounds and Their 
Technical Applications/’ Edward Arnold & Co,, London, 1936. 

SiDOWicK, N.V., “Organic Chemistry of Nitrogen/’ Oxford 
University Press, New York, new ed. by Taylor and Baker, 1937. 

Weissberger and Peosicauer, “Organic Solvents,” Oxford 
University Press, London, English trans. by R.G.A. Ne-w, 1935. 
Physical constants and methods of purification are considered. 

Laboratory guides 

Houben, J. (ed.), “Die Methoden der organisehen Cheinie 
(WeyLs Methoden),” Georg Thieme, Leipzig, 4 vols., 3d ed. 
Vols. I to II, 1925; Vol. III^ 1930; 2d ed., Vol. IV, 1924, 

“A very extensive treatise on organic chemistry written not 
merely— or even primarily— for those who need to know some- 
thing about organic compounds, but for all those who have 
occasion to work with them. . . . It comes from, and it is 
intended for the workshop, but its aiitliors Iiave not been content 
with merely providing directions for mechanical experimenta- 
tion.” A brief and inadequate summary of the volumevS is 
given in Table 38. 

Lassar-Cohn, “Organic Laboratory Methods,” Williams & 
Wilkins Co., Baltimore. Translation from the “General 
Part” of the 5th German ed., by Ralph E. Oesper, 1928. The 
original compilation in German by Lassar-Cohn consists of a 
small (350 pp.) “General Part” and a large (1,500 pp.) “Special 
Part.” The former deals with general operations, the latter 
with specific preparations as examples of general synthetic 
methods. The fiifth edition was published shortly after Professor 
Lassar-Cohn’s death in 1922. The only portion available in 
EnglLsh is Dr. Oesper’s traUvslation of the finst part. 

Vaniko, L. (ed.), “Handbuch der prfiparativen Chemie,” 
F. Enke, Stuttgart, 2d ed., Vol. I, Inorganic, 1921; Vol. II, 
Organic, 1923. Specific directions are given for the preparation 
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of about a thousand organic compounds. General operations 
or theoretical j^roblems are not considered. 

Table 38.“Sximhab.y of Houben’s ^‘Methoben'' 


Volume 

Date 

Goiiteiits 

I 

1925 

General part. Analysis and general operations 
Elementary analysis 

Micro analysis 

Crystallographic methods 

Determination of nature of dj^es ... 

Appendices 

1. Solu]:)ility of inorganic salts in water 

2. Solubility of inorganic salts in ethyl alcohol, 

methyl alcohol, and ether 

11 i 

1925 

Special part 

Oxidation Condensation 

Reduction Electrochemical methods 

Catalysis High-pressure reactions . . . 

III 

1930 

Special part 

Discussions of various groups: hydroxyl, aldehyde, 
ketone, carboxyl ... 

IV 

1924 

Special part 

Similar to Yol, III: nitro group, amino, azo, etc. 
Organometallic compounds , . . 


Gattermann-Wieland, Laboratory Methods of Organic 
Chemistry,” The Macmillan Co., New York. Translation of 
the 24th German ed. by W. McCartney, 1937. The first edition 
of “Gattermann” "was published in 1894; the 21st to 24th of the 
German text were prepared by H. Wieland, the latter edition 
now being available in English as described above. The book 
is an excellent laboratory manual for advanced students. Spe- 
cific directions ai'e given for typical syntheses; then the general 
applications of each process are considered, 

^^Organic Syntheses,'^ John Wiley & Sons, New York, 1921-- 
. Editorship varies. ^L4n annua! publication of satis- 
factory methods for the preparation of organic chemicals.” 
This series was started in 1921 by Roger Adams at the University 
of Illinois. Seventeen annual reports and one collective volume 
have been published. Each annual issue contains tested 
directions for the preparation of about thirty compounds in 
approximately 500~gram lots. Collective Vol. I is a summary 
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of the methods in annual Vols. 1 to 9 inclusive. It is also avail- 
able in French. 

Groggins, P.H., ^^Unit Processes in Organic Syntheses,” 
McGraw-Hill Book Co., New York, rev. 1938. 

Organic nomenclature 

Aside from the discussion in each volume of Beilstein IV 
and the annual index of Chemical Abstracts the following 
specific articles may be cited : 

Patterson and Curran, J. Am, Che7n,Soc.,3d^ 1623-38 (1917). 
Holleman (as chairman of the committee), Rec.trav.ckm. 
[4] 48 , 641-51 (1929). 

Ideiriy Helv,Chmi.Acta 14, 868-75 (1931); or J,Chem,Soc,, 
1931, 1607-16. 

Verkade, P.E., Rec.trav.cMm,^ [4] 51, 185-217 (1932). A 
detailed article. 

Patterson (trans,), J.A-77i,Che'm,Soc,, 65, 3905 (1933). A 
translation of the French report with comments by Patterson. 

Organic technology 

Many outstanding surveys belonging to this division have been 
published as monographs in the various technical series. Some 
of these have been mentioned in Table 16, p. 86. The following 
list is given merely to call attention to a few of the more important 
compilations in some of the rapidly changing fields. 

Cellulose 

Brown and Crawford, Survey of Nitrocellulose Lacquer,” 
Chemical Catalog Co., New York, 1928. Largely a bibliography 
including patents. 

Doree, C,, ^'Methods of Cellulose Chemistry,”' D. Van 
Nostrand Go., New York, 1933. 

Worden, E.C., ^^Technology of Cellulose Ethers,” The 
Chemical Catalog Co., New York, 5 vols., 1933. 

Paper 

Hunter, D., ^'Papermaldng through Eighteen Centuries,” 
W*E. Rudge, New York, 1930. 
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Perfumes 

Mann R, “Die moderne Parfiimerie/' Julius Springer, Berlin, 
4th ed. ed. by F. inter, 1932. 

PoucHBR, William, “Perfumes, Cosmetics, and Soaps” D 
Van Nostrand Co., New York, 5th ed., 1936. ’ 

Petroleum 

Bell, H S., “ American Petroleum Refining,” D. Van Nostrand 
Co., New York, 2d ed., 1930. 

Resins, synthetic 

Ellis, C., “The Chemistry of Synthetic Resins,” Reinhoid 
Publishing Corp., New York, 2d ed., 1935. 

, 1937.” Plastics Press, London, 

193 / . Phis IS the seventh volume of “ the handbook and guide to 
the plastics industry.” 

Rubber 

Bedford and Winkelmann, “Systematic Sunmy of Rubber 
Chemistry,” Chemical Catalog Co., New York, 1923. 

Hauser, E. A., “Latex,” Chemical Catalog Co., New York 
Trans, by W.J. Kelly, 1930. ■ 

Marchionna, F., "Latex and Its Industrial Applications ” 
Rubber Age Publishing Co., New York, 1933. 

Soap 

Martin, Geoffrey, “The Modern Soap and Detergent 
Industry/' C. Lockwood & Sons, London, 2 vols., 1932. VoL I, 
Theory and Practice; Vol. II, Manufacture of Special Soaps and 
Detergent Compositions. 

Sulfur 

^ Borgstrom, Bost, and Brown, “Bibliography of Organic 
Sulfur Compounds (1871-1929),” American Petroleum Institute 
New York, 1930. ’ 

Terpenes 

SiMONSEN, J.L. “ 

York, Vol. 



ANALYTICAL CHEMISTRY 


“// you can 7neasiire that of ivkich you speak^ and cari 
express it by a number, you know something of your subject; 
hut if you cannot measure it, your knotoledge is ‘mmgiw and 
unsatisfactory Loed Kelvin 


The analytical chemist is a manufacturer of pure chemicals on a 
laboratory scale. His object is to identify materials, determine 
their composition, or insure their uniformity. He is interested in 
the physical and chemical properties of substances, especially 
their peculiarities and distinguishing characteristics. His sources 
of information will natural^ be books on inorganic, organic, 
and physical chemistry. A large amount of literature is also 
available dealing more specifically with analytical problems. 
This literature may be separated into two categories, one con- 
cerned with identification or qualitative analysis, and the other 
with determination or quantitative analysis. Both are sub- 
divided according to methods and instruments employed. 
There are books on morgnnie, organic, microscopic, and spec- 
troscopic methods of identification; and on gravimetric, volu- 
metric, colorimetric, electrometric, and spectrographic procedures 
for quantitative work. Classification may also be based upon 
the material discussed, e.g., brass, foods, steel, paint. 


While a few comprehensive surveys exist there is nothing in 
the field of analytical chemistry to compare with Beilstein, 
“The bible of organic chemistry/^ Consequently a search for 
analytical information differs only slightly in technique from 
that described on pp. 119“‘21. A chemist is iisually asked to 
make a partial or complete analysis of a given product. His 
initial library search will be for methods covering the product 
as a whole. The nature of the sample will indicate the books 
to be consulted: perhaps Alien for organic, Lunge icr inorganic, 
or the ihdre speciali^ied treatises dealing with a single type of 
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commodity. If nothing helpful is found, methods for the 
various constituents can surely be located in Etidisule, Hillebrand 
and Luudell, or other general reference works. In any case 
it is well to examine these sources before turnirig to the journals 
(p. 165). 

Qualitative or quantitative methods must take into con- 
sideration the amount of an element present and the probable 
interferences. For any operation the analyst should know the 
main reaction, possible side reactions, optimum conditions of 
temperature, acidity, reagents, etc. In the case of a precipitate 
he should know its solubility, form (crystalline or gelatinous), 
composition, and other properties important in analytical work. 
If economic features are involved a gravimetric method, generally 
speaking, is less time consuming than a volumetric when only 
one sample is to be analyzed, while a volumetric procedure is 
preferable for routine -work. The cost of reagents and any 
special equipment is also an important item. 

When consulting the literature it is well to remember that 
authors with years of experience ^'at the bench’' frequently 
give better directions than compilers who are unable to point 
out esvsential details. On the other hand, adepts may omit 
important points, assuming that they are too well known to be 
mentioned. It is advisable, therefore, when using a mt^^thod for 
the first time, to become acquainted with it through the analysis 
of samples of known composition. Wlierever instruments are 
involved their construction, operation, and limitations should 
be known. If results are unsatisfactory, the worker before 
condemning the method should make sure that he has not omitted 
an essential step and has understood the purpose of every opera- 
tion as well as the test for its effectiveness. 

Official methods 

In the commercial world analytical procedures are divided into 
two groups, official and non-official. An official method is one 
that has been carefully studied and approved by a representative 
group of experts who have worked out specific directions for its 
use (cf. p. 178). Such a procedure is used in connection with 
the purchase and sale of commodities to avoid misunderstanding 
and disagreement concerning the quality of the goods. If 
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analytical details are not mentioned in the contract the chemist 
should use the official process whenever one is available. For 
example, when magnesium carbonate, U.S.P., is being purchased 
he should follow the directioiivS given in the latest edition of the 
United States Pharmacopoeia. The publications of the 
Association of Official Agricultural Chemists should be consulted 
for guidance in the determination of ^^poisonous’’ metals in 
foodstuffs or the adulteration of beverages. Additional sources 
of information are mentioned on pp. 178-81. 


BIBLIOGRAPHY 

Other bibliographies 
Crane and PatteusoNj Pp. 372-3. 

Griffin, pp. 887-895 (see p. 174 of this text). 

JenkiNvS and Du Mez, ^^Quantitative Pharmaceutical Chemis- 
try,” McGraw-Hill Book Co., New York, 2d ed., 1937. Texts, 
calculations, general references, drug and food analysis, etc. 
Mellon, pp. 118-20, 132. 

National Research Council Bull. 50, 71, 86. Look under 
Analytical Chemistry.” 

WiLLARn and Furman, pp. 8-13 (see p. 175 of this text). 
Fehling^s ^‘’Encyclopedia” contains many good bibliographies 
on the individual elements. 

Journal of Analytical Chemistry for 1886-90 (Vols. 1 to 5) 
contains several bibliogi^aphies of analytical chemistry by H.C. 
Bolton. These are good starting points for complete surveys. 

Serial publications 

Zeiischrift fur analytische Chemie. This journal was started 
in 1862 by C. Remigius Fresenius because he felt that not enough 
space was available in the existing periodicals for articles on 
analysis. Two main dvisions are maintained in each issue: 
(a) original articles and (5) abstracts. The latter include 
general analytical methods and apparatus, inorganic analysis, 
organic analysis, and special methods. Dowm to Vol. 62 (1923) 
there was but one volume annually. In that year the number 
started to increase, reaching a maximum of four volumes for 
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1927 where it has remained. There are annual and decennial 
author and subject indexes. 

The Analyst This is the official organ of the British Society 
of Public Analysts. It was started in 1877 and has appeared 
in one A^oluine a year ever since. ^ There are annual and cumu- 
lated indexes. The first of the latter covers twenty years, the 
others ten each. 

Annales de chimie analytique et de chimie appliquee. This 
journal has been issued since 1896 in one volume a year. 

Indnstrial and Engineering Chemistry ^ Analytical Edition, 
Started in 1929 apparently to relieve some of the pressure on 
the parent journal, this offspring should maintain an important 
place in chemical literature. It was issued quarterly until 
1937. Since then it has appeared monthly. 

There are some other journals devoted solely to analysis, and 
many of a more general nature carry anatytical sections. Their 
number is too large to permit individual mention here. The 
abstract divisions in Chemical Abstracts, Chemisches Zentral- 
blatt, British Chemical Abstracts, and the Zeitschrift fur analyt- 
ische Chemie will furnish sufficient clues for anyone desiring 
to compile a list of them, 

Maboosches, B.M., Die chemische Analyse,” F. Enke, 
Stuttgart, 1907- . A series of monographs on chemical, 

technical, and physico-chemical analysis edited by Margosches 
until his death in 1928,^ there after by William Bdttger. A 
detailed list of this series follows: 

1. The use of Hydrazine in Analytical Chemistry. J. Schmidt 
(1907). 

2. Analytical Methods for Zinc, Especially Ores. H. Nissen- 

son (1907). . 

3. Physical Chemistry as a Foundation for Analytical Chemis- 
try. W. Herz (3d ed., 1930). 

4-5. Rapid Methods of Electrolytic Analysis. A. Schleicher 
(2ded., 1926). 

6. Analysis of Iron Tannate Colors. F.W. Hinrichsen (1909). 

i Except in 1878, when Vols. 2 and 3 were issued, 

« For portrait and biographical sketch see Vol. 29 of the series. 



analytical chemistry Jg-r 

, "i Peroxide. L. Brickeii- 

D£iCii ^xyUv/y. 

8-9. Analysi.s of Milk and Its Products. K. Teichert (2d ed. 

10. Determination of Bismuth. L. Moser (1909). 

G.^Woker^Sll)'''’ Chemistry. 

Bottge^aSll)^”^ Analytical Chemistry. William 

14-15. Analysis of Rare Earths. Meyer and Hauser (1912) 
(1913) Nickel and Cobalt. H. Grossmann 

17™1S. Determination of Arsenic, Antimony and Tin H 
Wolbling (1914). 

Organic Compounds. R. Rosenthaler 

(2d ed., 1923). 

2W22. Catalysis. Inorganic Catalysts. G. Woker (1915). 
23-24. Catalysis. Hydrolyzing Ferments. G. Woker (1924) 
(1927)^^^'“^ Number Method.?. B.M. Margosches 

26. ViiBual Conductivity Titrations. Jander & Pfundt f2d 
ed., 1934 ). .i-muut (.za 

27-28. Catafysis. Biological Catalysts. G. Woker (1931). 

29. Outstanding Research Method.?. L.W. Winkler (1931). 

^ 30. Mathematics and Mathematical Aids in Analytical 
Chemistry. 0. Liesehe (1932). ‘ ' 

31. Mialytical iMethods for Cast Iron, Steel and Ferro-alloys. 

J. Rassler (1932). 

32. Identification of GrganicCompounds;EspeciallvMedic- 
inals. L. Ekkert (1933). 

33 New Volumetric Alethods. Brennecke, Furman, Faians 
and Lang (1935). / - 

34. 0-Hydroxyquinoline "Oxine.” R. Berg (1935). 

35. Research Methods. L.W. Winkler (Pt. 2, 1936). 

36. Analytical Chemistry of the Noble Metals. A. Wogring 
(19o6)» 

^^sanie Precipitating Agents in Quantitative Analysis. 
Wilham Prodinger (1937). 
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Qualitative analysis, inorganic 

Bottger, William, ^^Qualitative Analyse,” W. Engelmann, 
Leipzig; 4th to 7tli ed., 1925. Very good. 

Fresenius-Mitchell, ‘^Introduction to Qualitative Chemical 
Analysis,” John Wiley & Sons, New York, 1921. A translation 
of the seventeenth edition of Fresenius by C.A. Mitchell. An 
excellent reference book. It contains data regarding a few 
organic compounds. 

McAlpine and Soule, ‘‘Qualitative Chemical Analysis,” 
D. Van Nostrand Co., New York, 1933, This book is based 
upon the well-known text by Prescott and Johnson. The out- 
standing features are the systematic arrangement and detailed 
treatment of the subject matter. 

Noyes and Bray, “System of Qualitative Analysis for the 
Rare Elements,” The Macmillan Co., New York, 1927. The 
results of over twenty years^ work in the field of qualitative 
analysis are given in this book. It covers the common and 
rarer elements. A valuable feature is the inclusion of experi- 
mental data upon which recommended separations are based. 

Treadwell and Hall, “Analytical Chemistry,” Vol. I, 
Qualitative Analysis. John Wiley, & Sons, New York, 8th ed., 
1932. 

Yoe, J.H., “Chemical Principles,” John Wiley & Sons, New 
York, 1937. 

Brady, G.S., “Materials Handbook,” McGraw-Hill Book 
Co., New York, 2d ed., 1931. The qualitative composition of 
many common alloys will be found in this volume, 

“A.S.T.M. List of Alloys,” American Society for Testing 
Materials, Philadelphia, 1931. The trade name and composition 
are given for several hundred alloys. 

Qualitative analysis, organic 

Clarke, H.T., “Handbook of Organic Analysis,” Edward 
Arnold & Co., London, 1920. 

Kamm, 0., “Qualitative Organic Analysis,” John Wiley & 
Sons, New York, 2d ed., 1933. 
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Mxjlliken, S.P., “Identification of Pure Organic Com- 
pounds/^ John Wiley & Sons, New York, 1904-22. 4 vols. 


Porter, Stewart and Branch, “Methods of Organic Chemis- 
try,” Ginn and Co., Boston, 1927. 


Shriner and Fuson, “Systematic Identification of Organic 
Compounds,” John Wiley & Sons, New York, 1936. 


Statjdinger-Braunholtz, “Introduction to Qualitative Or- 
ganic Analysis,” D. Van Nostrand Co., New York, 1925. 


Qualitative analysis, special methods 

Behrens-Kley, “Microchemische Analyse,” Leopold Voss, 
Leipzig, 3d ed. in two parts, 1915. Part I deals with general 
principles, and Part II consists of a series of tables for the 
systematic detection of minerals. 

Chamot and Mason, “Handbook of Chemical Microscopy,” 
John Wiley & Sons, New York, VoL I — 1930; Vol 11—1931. 
Volume I deals chiefly with the microscope and its accessories. 
In Vol. II will be found a detailed discussion of qualitative 
microscopy. 

Danckwortt, P.W., ^'Lumineszenz-Analyse,” Akademische 
Verlagsgesellsehaft, Leipzig, 3d ed., 1934. A bibliography of 
several hundred references supplements the text. 

Feige, F., “ Qualitative Analyse mit Hilfe von Tupfelreak- 
tionen,” Akademische Verlagsgesellsehaft, Leipzig, 2d ed., 
1934. This is undoubtedly the foremost book on the application 
of organic reagents to the detection of metals. 

Radley and Grant, “Fluorescence Analysis in Ultra-violet 
Light, Chapman and Hall, London, 2d ed., 1935. This is 
Vol. VII in the series “Monographs on Applied Chemistry” 
edited by E.H. Tripp. It is a" “setting in order and sifting the 
known experimental facts in connexion with the analytical use 
of ultra-violet light.” 

Kayser, H., “Handbuch der Spectroscopie,” S. Hirzel, 
Leipzig, 1900- . The eighth volume is mcomplcte. Owing 

to the radical changes in terminology during the last few years 
plans have been made to publish a new and strictly up-to-date 
edition. [Cf. J,Phys£hem., 37 , 539-40 (1933).] 
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Van Niettwenburg and Dulfer, “ Short Manual of System- 
atic Qualitative Analysis,” D.B. Centenos TJitig, Amsterdam, 
1934. [See Chemistry & Industry 63, 391 (1934).] 

Rogers and Kerr, “Thimsection Mineralogy,” McGraw-Hill 
Book Co., New York, 1933. A general introduction to mineral 
optics and description of individual minerals. Powder methods 
as well as thin sections are considered. Artificial minerals’' 
are not included. 

WiNCHEiiE, A.N., “ Microscopic Character of Artificial Inorganic 
Solid Substances or Artificial Minerals,” John Wiley & Sons, 
New York, 2d ed., 1931. 

Quantitative analysis 

RtinistTLE, A.j/^Nachweis, Bestimmung iind Trennimg der 
chemischen Elemente,” Akademische Buchhandlung von Max 
Drechsel (Paul Haupt after Vol. V), Bern, 1913- 

This comprehensive survey of analytical methods, as originally 
planned, is to comprise nine volumes, of which the first six and 
part of the seventh have appeared. The elements are discussed 
separately under two main divisions: (a) qualitative tests, in 
which only the most important reactions and separations are 
mentioned including references to microscopic, methods; (6) 
quantitative part wdiich is subdivided into gravimetric, volu- 
metric, electrometric, and colorimetric methods. Finally, the 
separations from all elements previously discussed are con- 
sidered. In each volume the ^/Nachtrag” brings down to date 
the consideration of all elements previously mentioned. Because 
of the fact that no volume containing a Nachtrag was irublished 
after 1923 a special supplement was started in 1935 which, when 
complete, will help to bring the work up to date. 

When searching for data concerning any element the correct 
procedure is to examine first the material in the volume contain- 
ing the initial discussion, then the Nachtrag of each succeeding 
volume. Although this system is somewhat cumbersome it 
does help to keep the set abreast of the advances. Literature 
references are given as footnotes, original articles and abstracts 
being cited. A brief summary is given in Table 39, 
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once the general situation is known local conditions will be more 
readily understood. 

Volume I 

Technical methods 
Qualitative analysis 
Volumetric analysis 
Electrometric analysis 
Gas analysis 
Volume II 
Part I 

Solid and liquid fuels 
Water 

Maitufaeture of H 2 SO 3 , HNO^,, 

H‘,S04, HP 
Part II 

Electrometric methods 

Individual elements, e.g., Ag, Au (assay) Al, A.s 
Volume III 


Metallography 
Optical methods 
X-ray methods 
Colloid chemistry methods 
Microchemical methods 


Sulfate and HCl industry 

Soda 

Chlorine 

Potassium salts 


Clay 
Ceramic ware 
Mortar 
Glass 
Enamels 
Volume IV 
Gas manufacture 
Cyanogen compounds 
Coal tar 
Volume V 
Sugar 
Alcohol 
Wine 

Acetic acid 


Rubber 

Paper 

Rayon 

Plastics 


Barium compoimds 
Phospliorus acids 
Fertilizers 

Acetylene and ethylene 
Explosives 

Fats and waxes 

Petroleum 

Inks 

Gelatin and glue 
Inorganic dyes 
Organic dyes 
Leather 


C 5 nn n’ Organic Analysis,” P. Blakiston’s 

Son «k Co., Philadelphia, 5th ed., 10 vols., 1923-.33. Edited by 
Sadtler, Lathrop, and Mitchell. “A treatise on the properties 
naodes of analysis, and proximate analytical examination of the 
various organic chemicals and products employed in the- arts 
mmufaetures, medicine, etc., wth concise methods for the 
detection and estimation of their impurities, adulterations, and 

pioducts of decomposition/' 

Scott, W.W. (ed.), "Standard Methods of Chemical Analysis ” 
D. Van Nostrand Co., New York, 4th ed., 2 vols., 2d printing. 
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1927/ A manual of analytical methods and general reference 
for the analytical chemist and for the advanced student.^’ A 
new revision, edited by N. H. Furman, will be ready soon. 


Table 40.— Summary of Allen’s “Commercial Organic Analysis” 


Volume 

Pub- 

lished 

Contents (in part) 

I 

1923 

Alcohols, wines, yeast, sugars, starch, paper, aliphatic 
acids 

II 

1924 

Oils, fats, and waxes; higher fatty acids; soaps, glycerin 

III 

1925 

Hydrocarbons, phenols, aromatic acids, phtlmlic acid and 
phthaleins, explosives 

IV 

1925 

Essential oils, resins, rubber 

V 

1927 

Tannins, inks, leather, natural dyes, benzene and homor- 
iogues 

VI 

1928 

Dyes, analysis of dyes 

VII 

1929 

Alkaloids 

viir 

1930 

Glucosides, enzymes, cyanogen, proteins 

IX 

1932 

Proteins, milk and milk products, meat and meat 
products 

X 

1933 

Haemoglobin, proteins, vitamins, hormones, wood 
identification, pectins 


Professor Scott has tried to compile the best technical methods 
of analysis. His material is divided into three main groups. 
Part I takes up the determination of the elements in alphabetical 
order; Part II covers special subjects as alloys, paint, cement, 
gas, explosives, water, rubber, coal, poisons; Part III contains 
^ tables and useful data/^ In Part l a chapter is generally 
devoted to each element. A few physical properties in fine 
print ai'e at the beginning of the section, then a discussion of the 
more important qualitative tests. Next there is a brief statement 
of the more important methods of determination which is fol- 
lowed by suggestions for the preparation and solution of samples 
of the common materials in which the element occurs. Typical 
separations are described, and the approved gravimetric and 
volumetric methods outlined. Frequently suggestions for deter- 
mining traces of the element are included. The remarkable 
popularity of this book is indicated by the fact that almost 
15,000 copies of the earlier editions have been printed. 
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Griffin, R.C., “Technical Methods of Analysis/^ McGraw- 
Hill Book Co., New York, 2d ed., 1927. A representative 
selection of the analytical methods used in the laboratory of 
Arthur D. Little, Inc. The book includes material on inorganic 
and organic analysis, metals, fuels, paints, oils, wood and wood 
products, textiles, food, and water. Among the topics omitted 
are drugs, alkaloids, rare elements, gas analysis, rock analysis, 
and glass. 

Hillebrand and Lxjndell, “Applied Inorganic Analysis,” 
John Wiley & Sons, New York, 1929. Part I takes up a general 
discussion of quantitative operations. Part II deals with the 
individual elements, setting forth the best methods for their 
determination as revealed by experience. Parts III and IV 
are practically a revision of the well-known U.S. Geological 
Survey Bulletin 700, “The Analysis of Silicate and Carbonate 
Rocks,” by Hillebrand. Part V is concerned with the analysis of 
soda-lime glass and materials high in alumina such as bauxite. 
From the standpoint of the mature chemist interested in high- 
grade work this book is one of the best available. 

Treadwell and Hall, “xinalytical Chemistry,” VoL II, 
Quantitative Analysis, John Wiley & Sons, New York, Sth ed., 
1935. 

Mitchell and Ward, “Modern Methods in Quantitative 
Chemical Analysis,” Longmans, Green & Co., New York, 1932. 

Theory 

Rieman and Nexjss, “Quantitative Analysis,” McGraw-Hill 
Book Co., New York, 1937. A theoretical approach to the 
subject. 

Smith, T.B., “Analytical Processes,” Longmans, Green & Co., 
New York, 1929. This is “a physico-chemical interpretation.” 

Bassett, H., “Theory of Quantitative Analysis,” George 
Routledge & Sons, Ltd., London, 1925. 

Textbooks 

Clowes and Coleman, “Quantitative Chemical Analysis,” 
P. Blakiston^s Son & Co., Inc., Philadelphia, 1931. 

Fades, H.A., “Inorganic Quantitative Analysis,” The Century 
Co., New York, 1926. 
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Hall, Wm.T., “Textbook of Quantitative Analysis,^’ Jolin 
Wiley & Sons, New York, 2d ed., 1935. 

Kolthopf and Sandell, “Textbook of Quantitative Inorganic 
Analysis,” The Macmillan Co., New York, 1936. 

Mellon, M.G., “Methods of Quantitative Chemical Analy- 
sis,” The Macmillan Co., New York, 1937. 

Pierce and Haenisch, “Quantitative Analysis,” John 
Wiley & Sons, New York, 1937. 

Sm-ITH, G.McP., “Quantitative Chemical Analysis,” The 
Macmillan Co., New York, 3d ed., 1933. 

Talbot, H.P., “An Introductory Course of Quantitative 
Chemical Analysis,” The Macmillan Co., New York, 7th ed., 
by Hamilton and Simpson, 1931. 

Willard and Furman, “Elementary Quantitative Analysis. 
Theory and Practice,” D. Van Nostrand Co., New York, 2d ed., 
1935. 

Volumetric methods, general 


Beckurts, H., “Die Methoden der Massanalyse,” Fr. Vieweg 
und Sohn, Braunschweig, 2d ed,, 1931, by R. Berg and R.R. 
Dietzel. The first edition of this book, published in sections 
during the period 1910-~13, was issued to take the place of the 
eighth edition of Fr. Mohr ^s “Lehrbuch der chemisch-analy- 
tischen Titriermethode,” the seventh edition of which had been 
prepared by Classen and released in 1896. Although Beckurts” 
work includes all of the best volumetric methods of the time it is 
outstanding in one other respect, viz., that the literature refer- 
ences frequently mention the first articles advocating a particular 
procedure. For example, the original papers describing the 
use of permanganate as a standardized oxidant are listed on 
p. 485. Thus anyone interested in the history of a method will 
find Beckurts very valuable. Incidentally there is a chronologi- 
cal table of the advances in volumetric analysis on pp. 1031-45. 
It covers the period 1756 to 1903. Though the second edition 
is complete and up to date in many respects the compilers have 
deleted much of the data historically important. 


■’4 
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Jandeb and Jahr, “.Massanalyse . . , Walter de Gruyter 
Co., Leipzig, 1935. The theory and technique of classical and 
electrochemical volumetric methods. 

Kolthoff, I.M., “Die Massanalyse,’^ Julius Springer, Berlin, 
Part I, Theoretical, 1927 ; Part II, Practical, 1928. A translation 
of this book was prepared by N.H. Furman and published by 
John Wiley & Sons in 1929. 

Sutton, F., “Systematic Handbook of Volumetric Analysis, 
P. Blaldston^s Son & Co., Philadelphia, 12th ed., 1935, by 
A.D. Mitchell. This has been the standard English text for a 
number of years, 

Jamieson, G.S., “A^olumetric lodate Methods,” Chemical 
Catalog Co., New York, 1926. 

Electrometric methods 

Britton, H.T.S., “Conductometric Analysis,” D. Van 
Nostrand Go., New York, 1934. Covers principles, technique, 
and applications of the subject. 

Kolthoff and Furman, “Potentiometric Titrations,” John 
Wiley & Sons, New York, 2d ed., 1932. The book is divided 
into three parts: I, Fundamental Principles; II, Technique; 
III, Practical Applications. 

Kolthoff, I. M., “Colorimetric and Potentiometric Deter- 
mination of pH,” John Wiley & Sons, New York, 1931. An 
introduction to the work in bacteriology and biochemistry. 
Colorimetric, potentiometric, and conductometric methods are 
discussed. 

Michaelis, L., “Oxidation-reduction Potentials,” J.B. Lippin- 
cott, Philadelphia, 1930. 

Muller, Erich, “ Die elektrometrische Massanalyse,” T. 
Steinkoplf, Dresden, 6th ed,, 1932. The appearance of five 
editions in 11 years is some indication of the rate of advance in 
potentiometric methods. Approximately 400 references are 
given in the bibliography on pp. 269""76. 

Acidimetry 

Britton, H.T.S., “Hydrogen Ions,” D. Van Nostrand Co., 
New York, 1929. “Their determination and importance in 
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pure and industrial chemistry/^ Contains a good discussion 
of the pH at which various hydroxides precipitate, also the 
application of pH measurements in various industrial operations. 

Clark, W.M., “The Determination of Hydrogen Ions,’hThe 
Williams & Wilkins Co., Baltimore, 3d ed., 1928. “An elemen- 
tary treatise on electrode, indicator and supplementary methods 
with an indexed biblicgraphy on applications.” 

Kolthoff and Fischgold, “Saure-Basen-Indikatoren, ilir 
Anwendung bei der colorimetrischen Bestimmung der Wasser- 
stoffionen-konzentration,” Julius Springer, Berlin, 1933, 

Prideatix, E.B.R., “Theory and Use of Indicators,” Con- 
stable <6: Co., London, 1917. “An account of the chemical 
equilibria of acids, alkalis and indicators in aqueous solution, 
with applications.” 

Special Processes 

Bottger, W. (ed.), “Physikalische Methoden der analytischen 
Chemie,” Akademische Verlagsgesellschaft, Leipzig. In two 
parts : I, 1933 j II, 1936. Sections by qualified authors on spec- 
troscopy; radiometric, conductometric, potentiometric, polaro- 
graphic, and thermochemical analysis; photoelectric methods and 
analysis by vaporization. 

Classen and D anneel, “ Quantitative Analyse durch Elec- 
trolyse,” Julius Springer, Berlin, 7th ed., 1927. 

Emich, F., “Microchemical Laboratory Manual,” John Wiley 
& Sons, New York, 1932. This is the translation by F. Schneider, 
It contains a section on spot analysis by FeigL 

Fischer, A., “Elektroanalytische Schnellmethoden,” F. Enke, 
Stuttgart, 2d ed., revised by A. Schleicher, 1926. 

Gerlagh and Schweitzer, “Foundations and Methods of 
Chemical Analysis by the Emission Spectrum,” Adam Hilger, 
Ltd., London, 1932. This is an authorized translation from the 
German version. 

Pregl, F., “Die quantitative organische Mikroanalyse,” 
Julius Springer, Berlin, 3d ed., 1930. There is an English 
translation of this edition by E.B. Daw. It was published by 
J. and A. Churchill of London in 1937. 



178 LIBRARY GUIDE FOR THE CHEMIST 

Snell and Snell, ^^Colorimetric Methods of Analysis,” D. 
Van Nostrand Co., New York, 2 vols., I, Inorganic, 1936; II, 
Organic and Biological, 1937. This is a summary of the various 
methods involving colorimetry. 

Yoe, J.H., ^Thotonietric Chemical Analysis (Colorimetry 
and Nephelometry),” John Wiley & Sons, New York. In two 
parts: Vol. I, 1928; Vol. II, 1929. 

‘‘Ofadai” methods 

Frequently the analyst is called upon to test materials for 
the purpose of determining whether they meet certain specifica- 
tions either governmental or as agreed upon in a business transac- 
tion, In all such cases he should use methods having legal 
status. ' A few of the more important sources of information 
regarding acceptable procedures are given in the following list. 

Committee of Revision, ^'Pharmacopoeia of the United 
States of America,’*’ published by the Board of Trustees of the 
United States Pharmacopoeial Convention, P. Blackiston’s 
Son & Co., Philadelphia, being designated as agents. A revised 
edition of this book is issued every 10 years; the eleventh has 
been ofiicial since 1936. 

This book is intended to provide a standard for drugs and 
medicines of known origin. It contains definitions, receipts, 
properties, assay, and dosage for all "official” materials used 
in pharmaceutical work. In addition there are directions for a 
number of "General Tests,” e.g., Arsenic Test, Heavy Metals 
Test, Melting Points, Boiling Points. Very few therapeutic 
data are given. Whenever the analyst encounters a problem 
involving pharmacopoeial materials he should u>se the prescribed 
method and obtain his directions from an "official” copy, each 
of which has a special, numbered label on the back of the title 
page.^ 

Committee on Editing Methods of Analysis, "Official and 
Tentative Methods of Analysis of the Association of Official 
Agricultural Chemists,” Wavshington, Association of Official 
Agricultural Chemists, 4th ed., 1935. The methods in this book 

^ CJ. Carr has published a good description of the U.S.F. in J.Chem, 
Education 8, 515-19 (1931). He discusses the history, data of particular 
value to the technician, etc. 
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“are formulated by responsible Federal and State officials 
acting together . . . [the methods] are accepted as authoritative 


in matters at issue before the courts, both Federal and State.” 
They cover such products as: 


Fertilizers 

Feeding stuffs 

Preservatives 

Coloring matters in foods 

Metals in foods 

Sugars 


Canned vegetables 
Meats 

Dairy products 
Vinegars 

Flavoring extracts 
Wines and liquors 


Changes in methods authorized by the Association, when 
made between revisions of the book, are published in the Journal 
of the Association of Official Agricultural Chemists, 

American Public Health Association, ^‘Standard Methods 
for the Examination of Water and Sewage/^ American Public 
Health Association, New York, H.E. Jordan, editor, 1936. Phys- 
ical, chemical, and bacteriological examinations are considered. 

American Society for Testing Materials, ^^Book of 
Standards “Book of Tentative Standards,^ ^ American Society 
for Testing Materials, Philadelphia. The “Book of Standards/^ 
was published biennially down to 1918, thereafter trieniiiaily. 
The latest issue appeared in 1936. Usually a “Book of Standards 
Supplement'^ has been issued each intervening year. The 
“Book of Tentative Standards" is published annually. “Stand- 
ards" are obtainable separately as pamphlets at about twenty- 
five cents a copy. An especially valuable booklet is the free 
“Index to Standards," issued annually. It “gives complete 
references to all publications where standards or tentative 
standards appear in their latest form." The society has spon- 
sored a number of other publications, a list of which may be 
obtained upon request. 

The A.S.T.M. was started at Philadelphia in 1898 by the 
American members of the International Association for Testing 
Materials, as the American section of that organization. In 1902 
the section was incorporated as an independent association under 
the name “American Society for Testing Materials." The 
objective of the society was, and still is “the promotion of 
knowledge of the materials of engineering and the standardization 
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of specifications and methods of testing/^ Committees are 
appointed for the investigation of various materials and methods. 
Recommendations thus arising are usually published as ^^tenta- 
tive Standards for one or two years. If favorably received 
they are adopted as Standards^' which may be modified, if 
subsequent experience demands. 

Whenever goods are bought or sold a very important feature 
of the transaction is the nature of the material changing hands. 
Is it what the purchaser requires? If not is he at fault as a 
result of vagueness in stating his needs, or is the seller unfamiliar 
with his wares? In order to avoid misunderstandings and the 
possibility of expensive litigation the A.S.T.M., using com- 
mittees representing both manufacturers and consumers, has 
attempted to study a variety of products and set up fair specifica- 
tions for a contract covering their purchase. If one desires 
100 tons of zinc spelter, for example, the standards B 6-33 and 
B 69-29^ adequately describe the commercial grades of that 
metal, outline the procedure for sampling, the chemical analysis 
of a shipment, and ixadicate the steps to be taken if the purchaser 
claims that the contract has not been fulfilled. 

The books of Standards and Tentative Standards contain 
specifications, methods of testing, and recommended practices for 
iron, steel, the non-ferrous metals and alloys, cement, etc. (see 
Table 41). The 1936/^ Book of Standards” consists of 513 
standards published in two divisions. Part I contains 181 
standards relating chiefly to ferrous and non-ferrous metals; 
Part 11 covers 335 criteria for non-metaliic materials. The 
^^1937 Supplement” contains standards adopted or revised 
since the publication of the ^^Book of Standards.” The latest 
^^Book of Tentative Standards” (1936) contains 264 tentative 
specifications. A “guide to the use of” these books will be 
found on the page facing the table of contents in each volume. 

TJ.S. Bxjreatj OF Standaeds, “Encyclopedia Series,” Super- 
intendent of Documents, Government Printing Ofiice, Washing- 
ton, 1927- . This series contains volumes giving nationally 

recognized standards and specifications. The first volume 
(published in 1927) is concerned with the wood-using industries; 
the second deals with the non-metaliic minerals (Miscellaneous 
Pubhcatidn 110 issued in 1930); the third covers metals and metal 

^ See the 1936 “Book of Standards, Part I, PP- 705-16. 
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products both ferrous and non-ferrous (Miscellaneous Publica- 
tion 120 issued in 1933). 


A 33-24 

A 55-24 

A 64-27 

A 103-36 T 
A 104-36 T 

B5-27 
B 23-26 

C 9-30 
C 18-35 
C 25-29 
C 77-32 

D 21-16 
D 86-35 
D 271-33 


E 11-26 


Table 41. — A Paetial List of A.S.T.M. Standards 

A. Ferrous Metals 

Methods of Chemical Analysis of Plain Carbon Steel. Re- 
placed by E 30-36 T 

Methods of Chemical Analysis of Alloy Steels. Replaced by 
E 30-36 T 

Methods of Sampling and Chemical Analysis of Pig and Cast 
Iron. Replaced by E 30-36 T ‘ 

Methods of Sampling Ferro-alloys 
Methods of Chemical Analysis of Ferro-allbj^s 

B. Non-ferrous Metals 
Specifications for Electrolytic Copper 

Specifications for White Metal Bearing Alloys (Babbitt Metal) 

C, Cement, Lime ... 

Specifications for Portland Cement 
Methods of Chemical Analysis of Refractory Materials 
Methods of Chemical Analysis of Limestone . . . 

Methods of Sampling and Testing Portland Cement 

D. Miscellaneous Materials 
Method of Sampling Coal 
Method of Test for Distillation of Gasoline ... 

Methods of Laboratory Sampling and Analysis of Coal and 
Coke 

E. Metallography, General Testing Methods 
Rules Governing the Preparation of Micrographs of Metals 
and Alloys ... 

Specifications for Sieves for Testing Purposes 


Jrfm, Standards Yearbook/ ^ Superintendent of Documents, 
Government Printing Office, Washington, 1927-33 (?). Pub- 
lished annually. Contains data on standardization activities 
both governmental and private, American and foreign. 

Special subjects 
Brass 

Price and Meade, Technical Analysis of Brass . . . /^ 
John Wiley & Sons, New York, 2d ed., 1917. 

Fats and oils 

Lewkowitsch (Warburton), Chemical Technology and 
Analysis of Oils, Fats, and Waxes, The Macmillan Co., New 
York, 6th ed., 3 vols., 1923. 
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Ferrous alloys 

Blaie, a. a.; ^'Chemical Analysis of Iron/’^ J.B. Lippincott 
Co., Philadeiphia, 8tli ed.V 1918. 

Johnson, C.M., Rapid Methods for the Chemical Analysis of 
Special Steels , . , John Wiley & Sons, New York, 4th ed,, 
1930. 

Lord and Demorest, ^^Metallurgical Analysis,” McGraw- 
Hill Book Co., New York, 5th ed., 1924. 

Lundeel, Hoffman, and Bright, “Chemical xVnalysis of 
Iron and Steel,” John Wiley & Sons, New York, 1932. 

Naish and Clennell, “Select Methods of Metallurgical 
Analysis,” John Wiley & Sons, New York, 1929. The methods 
are briefly described, but good bibliographies are appended. 

Sisco, F.T., “Technical Analysis of Steel and Steel Works 
Materials,” McGraw-Hill Book Co., New York, 1923. 

Food 

Woodman, A.G., “Food Analysis,” McGraw-Hill Book Co,, 
New York, 3d ed., 1931. 

Fuel 

American Gas Association, “Gas ChemistsV Handbook,'^ 
Chemical Publishing Co., Easton, Pa., 3d ed., 1929. 

Dennis and Nichols, “Gas Analysis,” The Macmillan Co., 
New York, 2d ed., 1929. 

Lunge, G., “Technical Gas ilnalysis,” Gurney and Jackson, 
London, revised by H.R. Ambler, 1934. 

Parr, S. W., Analysis of Fuel, Gas, Water and Lubricants,” 
McGra^v-Hill Book Co., New York, 4th ed., 1932, 

U.S. Steel Corporation, “Methods of the Chemists of . . . 
for Sampling and Analysis of Coal, Coke and By-products,” 
The Carnegie Steel Co., Pittsburgh, Pa., 2d ed., 1923. 

White, A.H. “Technical Gas and Fuel Analysis.” McGraw- 
Hill Book Co., New York, 2d ed.> revised, 1920. 

■Ores,;.'' ' 

Low, A.H., “Technical Methods of Ore Analysis,” John Wiley 
& Sons, New York, lOtli ed., 1927, reissued in 1935. 
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Petroleum 

American Petroleum Institute, ^'Standard Methods for 
Testing Petroleum and Its Products.’’ (Cf. A.S.T.M. Standards.) 

Reagents 

Rosin, J., Reagent Chemicals and Standards,” D. Van 
Nostrand Co., New York, 1937. The author has assembled the 
latest information concerning reliable methods and tests. 

Rocks 

Washington, H.S., '^Chemical Analysis of Rocks,” John 
Wiley & Sons, New York, 1930. Excellent. (Cf. Hillebrand 
and Lundell, 174.) , 

Van Tongeren, W., ^^Gravimetric Analysis,” H.E. Lewis & 
Co., London, 1937. A laboratory manual dealing especially 
with the analysis of natural minerals and rocks. 

Sugar 

Browne, C.A., ^‘Handbook of Sugar Analysis,” John Wiley & 
Sons, New York, 1st ed., 1912. 

Spencer, G.L., Handbook for Cane-sugar Manufacturers 
and Their Chemists,” John Wiley & Sons, New York, 7th ed., 
revised by G.P. Meade, 1929. 

Water 

Mason and Buswell, ^'Examination of Water,” John. Wiley & 
Sons, New York, 6th ed., revised 1931. Cf. American Public 
Health Association, p. 179. 
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^^The fact that the same statement occurs in a large 
number of hooks should never he considered as p 7 'oof of its 
accuracy unless the different authors obtained the 
results independently Murray 

Physical chemistry as a main branch of the science is, in one 
sense, the youngest of the four divisions. It was established 
largely through the efforts of Wilhelm Ostwald (1853-1932) whose 
greatest contribution, perhaps, was the training of research 
students.^ Among those coming under his influence was 
Walther Nernst (1864- ), frequently acclaimed the world^s 

greatest physical chemist. He served as Privatdocent in Leipzig 
from 1889 until called to Gottingen two years later. whence he 
went to Berlin in 1905. Under the stimulus of these two men 
physical chemistry advanced so rapidly that it soon reached the 
stage of disintegration into electrochemistry, colloid chemistry, 
etc. Today one concentrating in the field is known, for example, 
as a colloid chemist, not as a physical chemist specializing in 
colloids." 

In view of this situation the present chapter should be sepa- 
rated into three or more to insure adequate treatment 
of the various parts of the subject. When the time has arrived, 
however, for a student to restrict his activities to one sub- 
division it is believed that he should possess the bibliographical 
skill necessary to acquaint himself with the pertinent literature. 
Hence the discussion here will be confined to the broader aspects 
of physical chemistry and the books devoted to compilations of 
physical data with only brief mention of the more important 
treatises on colloids, electrochemistry, and the other branches. 

t Many of our eminent American physical chemists studied in his labora- 
tory at Leipzig. Cf. 'Buncroit, J ,Ghem,Education 10, 539, 609 (1933). 

^ For an interesting historical summary of physical chemistry see the 
article “An Introduction to the Study of Physical Chemistry” by Sir 
William Ramsay in the first edition of Findlay’s Phase Rule ” or in Young’s 
“Stoichiometry,” both published by Longmans, Green & Go., New York. 
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Use 

The general procedure for locating subject matter in physical 
chemistry is fundamentally the same as that outlined for the 
inorganic and analytical divisions. If the searcher is unac- 
quainted with the nature and relationships of a topic the first 
source to consult is not a highly specialized article dealing with 
one phase of the problem. A general treatise or textbook is 
more useful because it will furnish the necessary background and 
perspective without which an intelligent search and interpretation 
of results is impossible. Furthermore, the best sources of 
information may be overlooked, and articles containing important 
data ignored, because their significance or relationship is not 
appreciated. In this borderline field one must also remember 
that books normally classed in the other subject may be very 
useful, since, in many cases, the name chemical physics’^ 
is just as appropriate as ''physical chemistry. 

PHYSICAL CHEMISTRY BIBLIOGRAPHY 

An attempt has been made in the following bibliography to 
list general surveys of the whole of physical chemistry, general 
surveys of some of the subdivisions, and treatises on a few more 
restricted topics. Although none has been listed, books more 
properly classed avS physics should also be taken into consideration. 

Serial publications 

{AniericanY Electrochemical Society, Trmisactioyis, The object 
of this society “is the advancement of the theory and practice 
of Electrochemistry, Electrometallurgy, Electrothermics, Elec- 
trotechnics and allied subjects.” Two meetings are held 
annually at which papers are read and discussed. Confidential 
copies of the papers are issued to members before each meeting 
to facilitate discussion. Subsequently the articles and comments 
are published in book form. Collective indexes are available 
for Vols. 1-20, 21-40, 41-60. The society was started in 1902. 

Annales de chimie. Established in 1789 by Morveau, Lavoisier, 
Berthollet, Fourcroy, et al. It is the oldest chemical journal 
still appearing. From 1816 to 1914 the name was A7i?iales de 

' The word ^‘American’* was dropped in 1931, 
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chimie et de physique. The first series, 1789-1815, contains 
96 volumes plus 3 index volumes; the second series, 1816-40, 
has 75 volumes plus 3 of index; the third series, 1841-63, contains 
69 volumes plus 2 for the index. Subsequent series run 30 
volumes each and cover a 10-year period. The papers in this 
journal are generally long, consider an extended problem, 
and correlate the progress reports previously published in the 
Comptes 7'endus, 

“Colloid Symposium Monographs,” Chemical Catalog Co., 
New York, 1923- . An annual publication edited by H.B. 

Weiser and consisting of papers read at the symposium of the 
year concerned. 

Faraday Society, Transactions. This journal was started in 
1905 “to promote the study of electrochemistry, electrometal- 
lurgy, physical chemistry, metallography and kindred subjects.” 
There is one volume each year, containing about 800 pages. 
Individual issues are published every 4 to 6 weeks, being released 
before the papers are read at a meeting. This plan tends to 
promote more adequate discussion. Another excellent activity 
of the society is to sponsor symposia or “general discussions” 
dealing with timely subjects. A few of physico-chemical 
interest are; 


Osmotic Pressure. 


Present Position of Theory of Ionization. . 

Physical and Physico-chemical Problems Re- 
lating to Textile Fibers. . 

Physical Chemistry of Igneous Rock Fomiation . 
Physical Phenomena at Interfaces . . . . . ...... . . 

Theory of Strong Electrolytes . . . . . . .......... 

Crystal Structure and Chemical Constitution . . 
Photochemical Processes. . . ... . . . . . . . . . . . . . , . 

Colloid Aspects of Textile Materials. . . ....... . 

Free Radicals. . . ... . . . . . ^ ... ... .......... . , 

Dipole Moment. , 

Colloidal Electrolytes . 

Structure and Molecular Forces 


3, 12-37 (1907), 13, 119- 
189 (1917-18) 

16, Pt. I, 3-178 (1919-20) 

20, 223-324 (1924-5) 

20, 414-501 (1924-5) 

22, 434-500 (1926) 

23, 334-541 (1927) 

25, 253-421 (1929) 

27, 359-573 (1931) 

29, 3-368 a933) 

30,3-248 (1934) 

30, 679-903 (1934) 

31, 4-422 (1935) 

33, 1-159 (1937) 


Fortscliritte der Chemie^ Physik wid physikaUsche-yi Chemie. 
This is essentially a monograph series. It was started in 1909 as 
the successor to the Physikalisch-Chemisches Zeiitralblatt first 
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published in 1905. Issues appear monthly. There are colle<3tive 
indexes for Vols. 1 to 5 (1909-13) and Vols. 6 to 16 (1914-23). 

Journal de chimie physique. Established in 1903 by Ph.A. 
Guye, it is now edited by a committee of Belgian, French, and 
Swiss chemists. During the first four or five years abstracts of 
physico-chemical papers were published. The field covered is 
electrochemistry, thermochemistry, radiochemistry, chemical 
mechanics, and stoichiometry. There is one volume yearly. 

Journal of Physical Chemistry. Founded in 1896 as a private 
venture by Wilder D. Bancroft, this journal is now sponsored by 
the American Chemical Society, Faraday Society, and Chemical 
Society (London).^ Each year there is one volume of twelve 
issues containing short articles. The book reviews are especially 
good. 

Kolloidfchemisches) Beihefte. Volume I was issued in October, 
1909, by Wolfgang Ostwald as a supplement to the Kolloid 
Zeitschrift (q.v.). The name was changed to “Kolloid Beihefte'^ 
in September, 1931. The Beihefte contain monographs on 
pure and applied colloid chemistry. These articles are complete 
accounts of extensive investigations short reports of which have 
appeared from time to time in the Kolloid Zeitschrift. 

Kolloidforschung in Enzeldarstellungen. A series of mono- 
graphs started in 1925 and published by the Akademische 
Verlagsgesellschaft under the editorship of R. Zsigmondy. ^ 
A few of the titles are: 


Volume 

Date 

Title and author 

■ ■¥ 'I 

1926 

: Polarizing Microscope, Ambronn and Frey 

VI .1 

1927 

Catalysis with Colloidal Metals, W. Hilckel 

vm 1 

1929 

Colloidal Silver, J. Voigt 


Kolloid Zeitschrift. Started by the publishers T. Steinkopfl; 
and J. Springer in 1906 as the organ for the entire field of pure 
and applied colloid chemistry. In 1907 Wolfgang Ostwald 
became editor. The journal appears monthly containing short 

^ For details of this change see Ind.Eng.Chem.j News Ed., 10, 229 (1932). 

2 Now under the direction of H. Freundlich. 
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papers, good abstracts, and, occasionally, good bibliographies* 
There is a collective index to Vols. 1 to 50 (1906-30). About 
two volumes are issued each year. 

Zeitschrift fur Elektrochemie und arigewandte physikalische 
ChemieA Established in 1894 for the publication of papers on 
electrochemistry; today they are chiefly general and physical 
in nature. Good reviews are frequently published. There is 
one volume per year and a cumulative index to the first ten 
volumes. 

Zeitschrift fur 'physikalische Chemie. Part A, Chemische 
Theiynodyuamikj Kinetikj ElecL'ochemie, Eigenschaftslehre, Part 
B, Chemie der Ehmentarprozesse^ Aufbau der Materie. This 
journal was started by Wilhelm Ostwald and J.H. van’t Hoff 
in 1887 as the Zeitschrift ftir physikalische Chemie, Stochiometrie 
und Verwandschaftslehre. There was one volume in each of the 
first two years, then two per year until 1893, three until 1898, and 
four to five down to the World War period. The division into 
Parts A and B came in 1928. The former continued with five 
to six volumes per year, and the latter required an equal number. 
Cumulative indexes have been issued for the earlier volumes, 

“Hand- und Jahrbuch der chemischen Physik.^^ Published 
by the Akadeinische A^erlagsgesellschaft under the editorial 
guidance of Euckeii and Wolf. “Das Handbuch soli eine 
umfassende Behandlung der Strukturfragen der Materie zum 
Gegenstand haben. The prospectus lists 12 volumes by well- 
known scientists (see Goldschmidt, p. 194). 

Reference books 

Ostwald, Wilhelm, “Lehrbuch der allgemeinen Chemie,^' 
Akademische A^erlagsgesellschaft,^ Leipzig, 2d ed., 2 vols,, 1910. 
VoL I, Stoichiometry; Vol. II, Part 1, Chemical Energy; Parts 2 
and 3, Affinity. Although not extensively used this has been 
one of the foremost books in the field. 

Ostwald-Drucker (Walden), “Handbuch der allgemeinen 
Ghemie,/^ Akademische Verlagsgesellschaft, Leipzig, 1918- 
A series of monographs on various phases of physical chemistry. 










m 




^ The title has varied slightly. 

2 Originally published by Engelmann. 


190 


LIBRARY GUIDE FOR THE CHEMIST 


This series was founded by Ostwald but more recently has been 
under the editorial guidance of Paul Walden and Carl Drucker. 
Each treatise is intended to be a complete survey of all essential 
literature on the subject. The issues to date are given in 
Table 42. 


Table 42. — Summary op the “Handbuch der allgemeinen Chemie’' 


Volume 

Date 

Author and title 

I ■ 

1919 

Ostwald: Chemical Literature and the Organization of 
Knowledge 

II 

1918 

Ramsay and Rudorf: The Noble Gases 

III 

1919 

Kuenen: The Properties of Gases. (Kinetic Theory, 
Equation of State) 

IV 

1 1924 

Walden: The Conductivity of Solutions. (3 parts in 2 
volumes) 

V 

1928 

Kremaiin : Mechanical Properties of Liquids 

VI 

1928 

Ephraim : Principles of Valence and Bonds 

VII 

1928 

Swietoslawski: Thermochemistry 

VIII, 1 

1930 

Kremann and Miiller: Electromotive Force 

2 

1930 

Idem: Electrolysis and Polarization 

IX 

1937 

Fricke and Huttig: Hydroxides and Oxide Hydrates 


Jellinek, Karl, ^Xehrbuch der physikalischen Chemie/^ 
F. Enke, Stuttgart, 1928- . A comprehensive treatise in 

five volumes a brief survey of which will be found in Table 43. 


Table 43. — Summary op Jellinek’s ‘‘Lehebuch^^ 


Volume 

Date 

Contents 

I 

1928 

Fundamental Principles. Pure substances in the 
liquid state (2d ed.) 

II 

1928 

Pure Substances in the Solid State. Dilute solutions 
(2ded.) 

III 

1930 

Statics of Chemical Reactions in Dilute Solutions 

IV 

1981 

Statics. Reactions. Chemical Ivinetics 

- Y. 1 

1933- 

Statics. Dilute Solutions (concluded). Concentrated 
i Solutions. The Phase Rule. (Ft. 14 of this 
volume was issued in 1935.) 


Taylok, H.S. (ed.), ^^Treatise on Physical Chemistry,'^ D. 
Van Nostrand Co., New York, 2d ed., 1931. cooperative 
effort by a group of physical chemists.” Very popular. 
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Lewis, W.C.Mc., System of Physical Chemistry,” Long- 
mans, Green & Co., New York; Vol. I, Kinetic Theory (2d ed., 
1918); Vol. II, Thermodynamics (4th ed,, 1925); Vol. Ill, 
Quantum Theory (3d ed., 1925). 

Neknst, W., '‘Theoretische Chemie,” F. Enke, Stuttgart, 
11th to 15th ed., 1926. 

Eucken, a., '^Fundamentals of Physical Chemistry for 
Students of Chemistry and Related Sciences,” McGraw-Hill 
Book Co., New York, 1925, trans. by Jette andLa Mer from the 
2d German ed. 

Walkeb, J., "Introduction to Physical Chemistry,” The 
Macmillan Co., New York, 9th ed., 1922. A standard text 
for many years. 

Frienb, J.N., "Physical Chemistry,” J.B. Lippincott Co., 
Philadelphia; Vol. I, 1934, General Properties of Elements 
and Compounds; Vol. II, 1935, Chemical Reactivity. 

Eggert, J., "Physical Chemistry,” D. Van Nostrand Co., 
New York, trans. from the German by S.J. Gregg, 1936. 

Textbooks 

Finblay, A., "Introduction to Physical Chemistry,” Long- 
mans, Green & Go., New York, 1933. 

Getman-Daniels, " Outlines of Theoretical Chemistry,” 
John Wiley & Sons, New York, 6th ed., 1937. Considered 
one of the best texts from the standpoint of fundamentals for 
the beginner. 

MacDougall, F.H., "Physical Chemistry,” The Macmillan 
Co., New York, 1936. 

Millard, E.B,, " Physical Chemistry for Colleges,” McGraw- 
Hill Book Co., New York, 4th ed., 1936. 

Noyes and Sherrill, "Chemical Principles,” The Macmillan 
Co., New York, 1922. This book is for advanced students. 

Rodebush and Rgdebxjsh, ' ' An Introductory Course in 
Physical Chemistry,” D. Van Nostrand Co., New York, 1933. 

Taylor and Taylor, "Elementary Physical Chemistry,” 
D. Van Nostrand Co., New York, 1935. 
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Webb, T.J., Elementary Principles in Pliysical Chemistry/^ 
D. AppletomCentury Co., New York, 1936. Good for the 
development of formulas. 

Laboratory guides 

Ostwald-Luther, ^^Hand“ und Hilfsbuch zur Aiisfuhrung 
physikocliemischer Messungen,” Akademische Verlagsgesell- 
schaft, Leipzig, 5th ed., 1931. C. Drucker, ed. Among the 
best in its field. 

Reilly and Rae, “Physico-chemical Methods/^ D. Van 
Nostrand Co., New York, 2d ed., 1933. 

Daniels, Mathews and Williams, “Experimental Physical 
Chemistry,” McGraw-Hill Book Co., New York, 2d ed., 1935. 

Fajans and WtiST, “Textbook of Practical Physical Chemis- 
try,” E.P. Dutton and Co., New York, 1930. English transla- 
tion by Topley. The second German edition was published by 
the Akademische Verlagsgesellschaft in 1935. 

Findlay, A., “Practical Physical Chemistry,” Longmans, 
Green & Co., New York, 6th ed., 1936. 

Colloids 

Adam, N.K., “Physics and Chemistry of Surfaces,” Oxford 
University Press, London, 1930. 

Alexander, J. (ed.), “Colloid Chemistry— Theoretical and 
Applied,” Chemical Catalog Co., New York, 1926-32. 


Volume 1 

Date 

Title 

I i 

1926 

Theory and Methods 

II 

1928 

Biology and Medicine 

III 

1931 

Technicoiogical Applications 

IV 

1932 

Technical Applications 


Bancroft, W.D., “Applied Colloid Chemistry— General 
Theory,” McGraw-Hill Book Co., New York, 3d ed., 1932. 

Bogue, R.Ii. (ed.), “The Theory and Application of Colloidal 
Behavior,” McGraw-Hill Book Co., New York, 1924. 

Freundlich, pi., “Kapillarchemie,” Akademische Verlags- 
gesellschaft, Leipzig; Vol. I, 1930; Vol. 11, 1932. 

Hedges, E.S., “Colloids,” Longmans, Green & Co., New 
York, 1931. 
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Kbuyt, H.R., "^Colloids/’ John Wiley & Sons, New York, 
trails, by H.S. van Klooster, 2d ed,, 1930. 

Ktjhn, a., /^Wdrterbuch der Kolloidchemie,’' T. Steinkopff, 
Dresden, 1932. 

Liesegang, R. (ed.), ‘^Kolloidchemische Technologie,” Theo- 
dor Blasewitz, Dresden, 1926-30. 

Rideal, E.K., “Introduction to Surface Chemistry, Cam- 
bridge University Press, Cambridge, England, 2d ed., 1930. 

Weiser, H.B., “Inorganic Colloid Chemistry, John Wiley & 
Sons, New York. “A critical survey of the colloidal behavior 
of the elements and their inorganic compounds. Vol. I, 
“The Colloidal Elements, 1933; VoL II, “The Hydrous Oxides 
and Hydroxides,” 1935. 


Electrochemistry 

Allmand, A.J., “Principles of Applied Electrochemistry,” 
Longmans, Green & Co., New York, 2d ed, by Allman and 
Ellingham, 1924. 

Creighton and Koehler, “Electrochemistry,” John Wiley & 
Sons, New York. Vol. I, “Principles” by Creighton, 3d ed., 
Vol. II, “Applications” by Koehler, 1935. 

Davies, G.W., “Conductivity of Solutions,” John Wiley & 
Sons, New York, 2d ed., revised, 1933. “ A fairly comprehensive 

survey, not only of conductivity, but of the general field of 
solutions.” 

Dole, M., “Principles of Experimental and Theoretical 
Electrochemistry,” McGraw-Hill Book Co., New York, 1935. 

Engelhardt, V. (ed.), “Handbueh der technischen Elektro- 
chemie,” Akademische Verlagsgesellschaft, Leipzig, 5 vols., 
1931- . 


Volume 

Date 

Title : 

I 

1931-3 

Technical Electrolysis of Aqueous Solutions 

11 

1933- 

Aqueous Electrolysis in the Chemical Industry 

III 

1934- 

Technical Electrolysis of Fused Masses 

IV 

; ' i 

The Electric Furnace 

,.y/ , 


Electrochemical Gas Reactions, Electro-osmosis and 
Cataphoresis 


mi 
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Glasstone, S., ‘^Electrochemistry of Solutions/’ Methuen & 
Co,, London, 1930. A French edition was published by F. 
Alcan, Paris, in 1935. 

Phase Rule 

Findlay, A., “Phase Rule,” Longmans, Green & Co., New 
York, 5th ed., 1923. 

Winfield, J.C., “Phase Rule Studies,” Oxford University 
Press, London, 1933. 

Kinetics 

Hinshelwood, C.N., “Kinetics of Chemical Change in 
Gaseous Systems,” Oxford University Press, London, 3d ed., 
1933. 

Kassel, L.S., “Kinetics of Homogeneous Gas Reactions,” 
Chemical Catalog Co., New York, 1932. 

Moelwyn-Hughes, E.A., “Kinetics of Reactions in Solution,” 
Oxford University Press, New York, 1933. Of particular value 
to investigators in the field. 

Stereochemistry 

Feeitdenberg, K., “Stereochemie,” Franz Deuticke, Leipzig, 
1933. 

Goldschmidt, S., “Stereochemie,” Akademische Verlags- 
gesellschaft, Leipzig, 1933. VoL IV of the Hand- und Jahrbuch 
der chemischen Physik. 

WiTTiG, George, “Stereochemie,” Akademische Verlagsgesell- 
schaft, Leipzig, 1930. 

Thermodynamics 

Lewis and Randall, “Thermodynamics and the Free Energy 
of Chemical Substances,” McGraw-Hill Book Co., New York, 
1923. 

MacDougall, F.H., “Thermodynamics and Chemistry,” 
John Wiley & Sons, New York, 2d ed., 1926. 

Martin, D.J., “Introduction to Thermodynamics for Chemis- 
try,” Longmans, Green & Co., New York, 1933. 
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f Ryssei^erghe, Pierre, Chemical Reviews 16, 37-51 (1935). 

I An article: “Fundamentals of Chemical Thermodynamics.’' 

I This may be considered an introduction to the newer trend 

i into thermokinetics. For a good summary of classical thermo- 

( dynamics see Fehling’s “Handworterbuch.” Vol. 9. pp. 498-684. 

Miscellaneous 

i .Aston, F.W., “Mass Spectra and Isotopes,” Edward Arnold & 

Co., London, 1933. 

Bichowsky and Rossini, “The Thermochemistry of the 
Chemical Substances,” Reinhold Publishing Corp., New York, 
1936. The a.ssembly of a self-consistent table of “best” values 
for the heats of formation of the chemical substances including 
heats of transition, fusion, and vaporization. 

Glasstone, S., “Recent Advances in Physical Chemistry,” 
J. and A. Churchill, London, 3d ed., 1936. For the more 
advanced student. 

Gurney, R.W., “Ions in Solution,” Cambridge University 
Press, Cambridge, England, 1936. 

Maldrum and Gucker, “ Introduction to Theoretical Chemis- 
try,” American Book Co., New York, 1936. 

Pauung and Wilson, “Introduction to Quantum Mechanics 
— With Applications to Chemistry,” McGraw-Hill Book Co., 
New York, 1936. 

Mathematics 

Daniels, F., “ Mathematical Preparation for Physical Chemis- 
try,” McGraw-Hill Book Company, Inc., New York, 1928. 

Mellor, J.W., “Higher Mathematics for Students of Chemis- 
try and Physics,” Longmans, Green & Co., 5th ed.. New York, 

' ■ 1922. , , 

Partington and Tweedy, “Calculations in Physical Chemis- 
try,” Blackie & Son, London, 1928. 

PHYSICAL CONSTANTS 

The direction and extent of a quest for physical constants 
depend on the data needed and the precision with which they 
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must be known. No book will answer every question; neither 
will all figures be equally near to the true value. Disregarding, 
for the moment, the problem of where to look, one may well ask 
what criteria can be used for selecting the most accurate state- 
ment from among those published. Some of the important 
factors are: reputation of the investigator, when the work was 
done, soundness of the method, integrity of the calculations, 
deviation from results by other methods, probable purity of the 
samples used, and accuracy reasonably attainable in good wmrk,^ 
Although other factors may appear in various problems the 
essential point is that in a high-grade investigation no data 
should be accepted without question. Whenever quoted figures 
are encountered, as in tables of physical pi’operties, the references 
may well be used as guides to the original work if for no other 
purpose than to guard against interchanged digits or a shifted 
decimal point even when only approximate values are desired. 
Incidentally, it is always a good practice to consult any list of 
errors applicable to the book used and experimentally to verify 
doubtful data whenever the work involved demands this assur- 
ance. Of course that critical judgment born of experience will 
eliminate much labor, but until the beginner has acquired the 
essential background it is best to err on the safe side of extra 
caution rather than to take a precarious position through 
madequate checking. 

Frequently two questions are raised : What fraction of the pub- 
lished data is unreliable? and How much in error are the figures 
normally encountered? Neither question can be answered 
unequivocally. Occasionally one hears an investigator say that 
all data in the literature on a certain subject are wrong. This 
may be true because recent improvements in technique or 

^ It has been stated that, with modern equipment, temperature measure- 
ments between 500 and 1000^ are readily attainable within 0.1°; from 1000 to 
1500V %vithin 1°; from 1500 to 2000°, within 10 to 15°; from 2000 to 2500° 
within 25 to 50°. Hence, if samples are adequately purified and protected, 
melting points should be known within the limits indicated. Whether a 
V‘hest’^ value is required in any particular instance depends, of course, upon 
the work contemplated. If one wishes to melt zinc for brass the value 
ca. 420° is entirely satisfactory, but when used as a “fixed point lor check- 
ing a thermocouple the value 419.4i° might be needed. Cf. U.S. Bureau of 
Standards Circ. 66, “Standard Samples for Thermometric Fixed Points.” 
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measuring devices warrant the statement. Extension of the 
criticism to all figures is not justified^ of course^ but a sufficient 
number is wrong to cast suspicion on all and make a careful 
scrutiny necessary. 

The extent of deviation is equally variable. Many data 
are precise, many are sufficiently accurate for all ordinary work, 
but too often one finds absurd statements which are mere traps 
for the unwary. These errors, of course, are typographical and 
obvious to one familiar with the subject. When present in 
original articles they form an additional menace, however, 
because they may get into the handbooks. Once there, it is not 
easy to eliminate them. 

As to sources of information, they may be classed as original 
and secondary. The former embrace journal reports, and 
the latter may be one or two steps removed from them, i.e., 
copied directly from the journal or from an abstract of the article. 
Original sources have been discussed on pp. 186"9. Secondary 
sources can be divided into two groups: the large, encyclopedic 
compilations and the less pretentious handbooks, both general 
and specialized. There is no definite order in which they should 
be examined because of the variation in problems and in useful- 
ness of the books in any particular case. A general acquaintance 
with all good compilations plus an intimate knowledge of a few 
is probably the best preparation for an average search. 

Extensive compilations 

Landolt-Bornstein, Physikalisch-Chemisehe Tabellen,^^ 
Julius Springer, Berlin, 5th ed., by Roth (chemistry) and Scheel 
(physics), 2 vols, paged continuously, 1923; 1st suppL, 1 vol, 
1927; 2d suppl, 2 vols. 1931; 3d suppL 3 vols. 1935-6. The 
first edition of this book was published in 1883 (1 voL, 249 pp.). 
Subsequent issues appeared at approximately 10-year intervals 
to establish the enviable reputation of being ''until recently the 
compilation of most importance for chemists the world over.”^ 
The first volume of the fifth edition covers the fundamental 
chemical constants and the properties of inorganic and organic 
compounds. The second is devoted to constants 

of atomic physics including, especially, optical, electrical, and 

1 Gbane and Patterson, p. 23. 
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thermal data. The supplements are similarly divided. Some 
of the main sections are: 


Volume I 


Atomic weights and radioactivity 
Terrestrial constants 
Weight and pressure corrections 
Elasticity, hardness 
Compressibility 
Viscosity 
Capillarity 

Atomic physics 
Optics 

Electricity, electrochemistry 


Diffusion 
Critical data 
Specific gravity, melting and boiling 
points 
Minerals 

Alloys (phase diagrams) 

Chemical equivalence 
Volume II 

Cubical expansion 
Specific heat 
Thermochemistry 


Practically all data are given in the form of tables or graphs, 
each prepared by an authority in the field, e.g., atomic weights 
by Honigschmid, The key to these tables is the subject index 
in VoL III of the third supplement. It covers all four parts. 
There is also a special, alphabetical list of forty common sub- 
stances with an index to the properties of each, among them 
being ether, alcohol, aluminum, ammonia, benzol, and water. 
A table of contents will be found in each volume. This is 
divided into main topics and subtopics. For each of the latter 
there is along the left margin the table number and along the 
right margin the page number. Thus every page carries a 
double identification. Page numbers, not table numbers, are 
given in the index. Whenever a table occupies more than one 
page each succeeding page bears the table number and a letter 
of the alphabet; thus 15b means p, 2 of Table 15, while 15bb is 
p. 27 of the same table. ^ The arrangement of each table is 
obvious from inspection. 

References are given in two ways : The complete citation will 
accompany a value, or only the name of the investigator may 
appear. In the latter case the location of the bibliography is 
stated at the top of the table. 

The most important characteristic of this work is the arrange- 
ment of the data for the convenience of the user. 

“Tables annuelles de constantes et donnees numeriques de 
chimie, de physique, de biologie et de technologie,^^ American 


. vrv' 
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publisher, McGraw-Hill Book Co., New York; Ch. Marie, 
editor-in-chief. Published under the auspices of the Inter- 
national Union of Pure and Applied Chemistry by the Inter- 
national Committee appointed by the Seventh Congress of 
Apphed Chemistry (London, 1909). The purpose of this work^ 
is ^Ho assemble all numerical data of chemistry, physics, biology 
and engineering (appearing in about 500 periodicals). ... No 
critical selection of the data has been made but they have been 
arranged and classified by competent men handling material 
in their own fields. The project was started in 1910 with the 
idea of including in one volume, to be issued as soon as possible, 
the data published during each year. The World War seriously 
delayed the appearance of several volumes, but an earnest effort 
is being made to get the series back to the original schedule 
(see Table 44). 


Table 44. — Survey op Tables annitelles” 


Volume 

Period 

covered 

Published 

I 

1910 

1912 

II 

1911 

1913 

Ill ! 

1912 

1913-16 

1914 

IV, 1 

1921 

2 

1913-16 

1922 

V.l... 

2. 

1917-22 

1917-22 

1925 

1926 

VI, 1. 

1923-24 

1927 

2. . . . ..... ...... ... ....... 

1923-24 

1928 

VII, 1. . . . . ................ 

1925-26 

1930 

2 ........ 

1925-26 

1930 

VIII, 1. 

1927-28 

1931 

2 . .. ................. 

1927-28 

1932 

IX . 

1929 

1931 

X, 1. ..... . . . ... . . ...... .... . . . 

1930 

1934 

2. ... 

1930 

1935 

Index. . ........................... 

1910-22 

1930 

Index .1 

1923-30 

Index 

1929 

1932 



When this series is being used, several aids are available. 
Near the front of each volume there is an ^Undex of Chapters/^ 
1 Cf. Nature 128, 662-3 (1931). 
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It occupies one page and lists the main subdivisions in the book. 
This summary is followed by a “Table of Contents which, 
under each section heading, gives its content and any important 
crovss references. Many sections begin with an index. While, 
in general, all volumes cover the same ground, recently new 
divisions have been added, and in some cases a section is omitted 
in alternate years. Starting with Vol. IX an index has been 
planned for each year. It is to be arranged like the five-year 
index described in the following paragraph. 

A general index to Vols. I to V was issued in 1930. It is 
divided into five parts. First there is an “Introduction” 
explaining the arrangement; next comes a list of the abbreviations 
used; then an “Analytical Index,” which is actually the cumu- 
lated tables of contents of Vols. I to V; fourth, there is an alpha- 
betical name index in French with many English, German, and 
Italian entries carrying cross references to the French equivalent; 
finally, there is a formula index occupying the major part of the 
book. Entries are based upon the empirical formula, the 
elements being arranged in an arbitrary order similar to that 
used in Gmelin, viz., rare gases, non-metals (H, O, N, F, Cl, Br, 
I . . . ), carbon, and metals alphabetically by symbol. Full 
details are given in the Introduction. A second index covering 
Vols. VI to X is in preparation. 

The Annual Tables are worthy of greater use. Their one 
disadvantage is that inherent in all such compilations, viz., that 
important data may have been overlooked. 

“International Critical Tables of Numerical Data, Physics, 
Chemistry and Technology,” McGiw-Hill Book Co., New York, 
7 vols. plus an index, 1926-33. “Prepared under the auspices 
of the International Research Council and the National Academy 
of Sciences by the National Research Council of the United 
States ” E.W. Washburn, editor-in-chief. The Inter- 

national Union of Pure and Applied Chemistry meeting in 
London, June, 1919, approved and delegated to the United States 
the responsibility for preparing “International Critical Tables” 
(ICT). In 1922 the Board of Editors selected Corresponding 
Editors in the various countries. They, in turn, with the 
assistance of advisory committees, recommended Cooperating 
Experts to compile critically and arrange “in suitable form, the 
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available quantitative information/^ The board tried “to 
secure the best man available” for each of the three hundred 
sections into which the work had been dmded. The cooperating 
expert was furnished with the pertinent data that had appeared 
in the first five volumes (1910-22) of “Tables annuelles'' and 
asked to select “in each instance the ^best’ value which he could 
derive from all the information available, together, where 
possible, with an indication of its probable reliability/'^ Any 
data published before 1910 or after 1923 were collected by the 
cooperating e^xpert through his own initiative. 

The material submitted to the editorial board by each com- 
piler was carefully edited, particularly in the interest of space 
conservation. When sufficient manuscript had been collected 
to fill a book of one thousand pages it was arranged and pub- 
lished. The original plan was to issue five volumes, but even 
with the most judicious use of space the editors soon found that 
at least two additional would be required to hold ail of the data 
available. Ultimately the complete set of seven books, pIukS an 
index in pamphlet form, was published. Later Dr. C.J. West 
undertook the preparation of a more adequate index which was 
issued in 1933. 

As the set now stands it is undoubtedly the most complete 
and comprehensive summary of numerical data ever attempted. 
Considering the funds available it is probably the best that could 
be obtained. There is, however, one criticism: Too frequently 
one encounters, instead of the specific figures needed, a formula 
which may be used to calculate them provided certain others 
can be found. 


Use of ICT 

When IGT is being used for the first time the following sug- 


gestions may be helpful: 

The Index is not strictly alphabetical in arrangement ; further- 
more about five hundred pages of text have not been covered. 
Consult the “Introduction " (p. vii) for details. 

The Sta7idard Airangement is described in Vol. I, p. 96, and in 
VoL III, p. viii. Briefly, each element is arbitrarily assigned a 
“key number": 

^ For other instructions to compilers see the Introduction in Vol. I, p. xii. 
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1 2 3 4 5 6 11 12 13 14 15 16 

O H F Cl Br I N P As Sb Bi C 

To locate a compound, write the key number for each element, 
omitting any combined water; then arrange the numbers in 
descending order (BiOCl 15-1-4 > 15-4-1). The resulting 
group of numbers is called a ^^key formula/^ Next find the 
B table (see below) containing the desired information about 
the compound. Then proceed down the columns until the 

desired number combination is located (for BiOCl find first 

the fifteen section, within that 15-4, and within that 15-4-1). 

tables contain only elementary substances. They are 
arranged alphabetically by symbols. 

'^B^^ tables contain only compounds. They are arranged in 
inverse order of their numerical key formulas. When looking 
for a compound always consult the B table. It should be 
noted, however, that certain B tables omit compounds whose key 
formulas begin with 16 (carbon). 

“C” tables contain arranged according to their 

empirical formulas in the order C, H, then the remaining symbols 
alphabetically, e.g., C 6 H 4 l‘ 203 S, The C tables contain no carbon 
compound whose key formula includes a number greater than 16. 
There is a table of contents at the beginning of each volume, and 
many of the sections start with an outline of their subject matter. 
Keferences may cause a little confusion at first, but the following 
example will indicate their meaning: 

Reference as it would appear at the end of a table: 

^20) Kassler, .9jf, 74: 276; 28. 

Significance 

( 20 ) — Reference number connecting the textual material with the 
bibliography 

Kassler — Author of the article cited 
91 — Key number to the name of the journal. Consult ‘M\ey to th(’ 
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The first edition of this book was prepared by Thomas Gray 
and issued in 1896. The seventh edition appeared in 1919. The 
last edition contains 270 more tables than the seventh. Some 
of the important sections are: 


Units of measurement 

Mathematical tables 

Birge’s physical constants 

Densities 

Barometric tables 

Viscosity 

Vapor pressure 

Thermometry 

Electrolysis 

Dialectric constants 

Magnetic properties 


Melting and boiling points 
Thermal conductivity 
Expansion coefficients 
Heat, specific, latent. ... 
Spectrum wave lengths 
Indices of refraction 
E.M.F. 

Electrical resistance 
Atomic structure 
Radioactivity 
Electron emission 


Kay33 and Laby, Tables of Physical and Chemical Constants 
and Some Mathematical Functions/’ Longmans, Green & Co., 
New York, 8th ed., 1936. 

CoMEY and Hahn, “Dictionary of Chemical Solubilities,” 
The Macmillan Co., New Yoi’k, 2d ed., 1921. “The aim has 
been to include . . . all analyzed inorganic substances, that is, 
all substances which do not contain carbon.” There are some 
exceptions, however, for example carbonates and cyanides. 

The arrangement is f^practically that of the >standard Dic- 
tionaries of Chemistry, whereby the compounds of metals with 
one of the nonmetallic elements have been classified under the 
metals, while the salts of the other acids, e.g,, oxygen acids, 
have been arranged alphabetically under the acids.” According 
to this scheme, barium chloride is entered under Ba, while 
barium chlorate is to be found under C^hloric acid. 

The data given for any compound are: 

Solubility in water (data chrbTiologically arranged). 

Specific gravity of aqueous solutions. 

Boiling point. 

Solubility in other solvents. 

Inorganic acids. 

Alkali and salt solutions. 

Organic solvents. 

The work is a non-critical summary of the pertinent material 
in the literature down to Jan. 1, 1916. Since it was “found 
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impracticable to draw any distinction as to reliability between 
the various data given by different observers” quantitative 
nieasurenients are quoted verbatim. There are also many 
statements of qualitative significance only. A brief history of 
solubility tables will be found in the preface. It states that the 
pioneer in the field was Prof. F.H. Storer\s First Outlines of a 
Dictionary of Solubilities of Chemical Substances” published 
about 1860. Between that date and the appearance of Comey 
and Halin\s book nothing similar had been attempted. 

Seidell, A., ^^Solubilities of Inorganic and Organic Com- 
pounds,” D. Van Nostrand Co., New York, 2d ed., 1919. A 

Supplement,” covering the period 1917-26, was issued in 1928. 
This book considers only quantitative data and those onl}?' for 
the commoner substances. Dr. Seidell has followed the plan 
in most cases where there are several available solubilitj^ deter- 
minations of a substance of selecting and averaging the more 
reliable results, and embodying them in tables.”^ 

The arrangement is alphabetical according to the first word 
in the name of a compound. Thus all calcium salts are grouped 
together. There is also a good subject index. References are 
given for all values quoted. The investigator’s name and the 
date of the article appear with the data. The exact reference 
is given in the “Author Index.” 

Two special features of this book should be noted: {a) the 
section entitled “General Information” starting on p. v, particu- 
larly the part “Forms of Stating and Methods of Calculating 
Solubilities ...” (pp. xi et seq,)\ (h) the division “Methods for 
the Determination of Solubility” (pp. 757 et seq.). 

Atack and Whinyates (eds.), “Chemists’ Year Book,” 
Sherratt & Hughes, London, 1915- . The 1936 edition was 

edited by E. Hope. 

Biedermann, R., “Chemiker-Kalender,” Julius Springer, 
Berlin, 1880- . 58th year, 1937; 3 parts in 2 vols. edited 

by I. Koppel. This was a very popular and unrivaled book 
for many years. Recently other handbooks have practically 
superseded it in the United States. 


1 Comey and H'AHisr, “Preface/" 
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Hodgeman, C.D., “Handbook of Chemistry and Physics,” 

Chemical Rubber Publishing Co., Cleveland, Ohio, 22d ed., 1937. .! 

Started in 1914, more or less to advertise the wares of the Chemi- ] 

cal Rubber Company, this handbook has gradually become their • 

most important product. It contains a wealth of data in very 
convenient form. : ; 

Lange, N.A., “Plandbook of Chemistry,” Handbook Pub- ;■ 

lishers, Sandusky, Ohio, 2d ed., 1937. For many years Doctor '? 

Lange collaborated with Professor Hodgeman in issuing the ; 

previously mentioned “Handbook of Chemistry and Physics.” 

This new venture demonstrates that he has profited by the 
experience, because his book contains many excellent features. 

One example is the table “Physical Constants of Organic Com- 
pounds” wdiich lists over four thousand of them and gives, in j 

addition to the usual data, the volume and page in Beilstein IV j 

where each is described. In other words, for the compounds i 

listed Lange’s table is also an index to Beilstein. ^ 

Olsen, J.C., “Van Nostrand’s Chemical Annual,” D. Van i., 

Nostrand Co., New York, 7th issue, 1934. I 
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PATENTS 


^^The Congress shall have power to promote the 
progress of science and useful arts, hy securing for limited 
times to authors and inventors the exclusive right to their 
respective writings and discoveries U.S. Constitution, 

Art. 1, Sec. 8, Clause 8, 

Any person who has invented or discovered any new and 
useful artf machine, manufacture, or composition of mat- 
ter, or any new and useful improvement thereof . . . not 
knownor used hy others in this country, before his invention 
or discovery thereof, and not patented or described in any 
printed publication in this or any foreign country, before 
his invention or discovery thereof, or more than two years 
prior to his application, and not in public use or on sale in 
this country for more than two years prior to diis applica- 
tion, unless the same is proved to have been abandoned, may 
upon payment of the fees required by law, and other due 
proceedings had, obtain a patent therefor y The patent 
statute. R. S. 4886; Statute Law 29, 692. (Mar. 3, 

1887.) 

When a person builds, creates, devises, or prepares anything 
he is entitled to use the fruit of his toil if such use does not 
conflict with public welfare. This privilege is a common law 
right. Distinct from such rights are those granted by man-made 
rules called ‘^statute laws. These, in general, limit, define, and 
restrict various activities ostensibly for the benefit of everyone. 
Owing to the difficulty of stating such regulations in terms 
unambiguous yet broad enough to include all situations, imfor- 
seen as well as contemplated, a third source of legislation has 
developed. The courts when applying statutes to individual 
cases give interpretations which later may be used as precedents 
for deciding similar cases. Thus'three sorts of law are extant: 
common law, statute law, and court law. All are involved in 
patent law. 

Patent defined 

A patent is a contract between the federal government and an 
inventor in which the former agrees to give the latter the right 
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to exclude others^ from making, using, vending, or selling his 
invention for a limited period (17 years) provided the inventor 
makes public a written disclosure in terms so clear that anyone 
“sldlled in the art can practice the invention after reading the 
description. Patents are authorized by statute law. They 
temporarily set aside certain common law rights for the purpose 
of encouraging the development of new industries rather than 
rewarding inventive genius. The value of a patent, therefore, 
consists not in the inducement to invent but in the protection 
afforded those who commercialize the invention. Historically 
the idea of a patent arose as an exception. In sixteenth century 
England a favorite way of filling the royal purse was to grant 
monopolies in exchange for cash. Because of flagrant abuse the 
Statute of Monopolies was passed in 1624 denying the king this 
power except to ^Hhe true and first inventor [of] any manner of 
new inanufacture within this realm.” The entire structure of 
modern patent law has been built on this reservation. 

Value 

Technically a patent is not a permit to do anything. It is 
, construed by the courts as a statemezit from the Patent Oifice 
Commissioner that he believes the patentee has fulfilled all 
statute requirements and is therefore entitled to a patent. If 
the courts concur in this attitude they will uphold the patentee in 
preventing others from exploiting his invention. Therein lies 
the main advantage of a patented over a secret process (Mac- 
beth Glass Case, 246 Fed.Rep. 696.). Suppose that Brown 
has discovered a simple method for obtaining gold from sea 
water. A valid patent will insure for him the assistance of the 
courts in enforcing a monopoly. On the other hand if he decides 
to maintain secrec^^ he may be denied even the right of entry.- 
Anyone else who independently discovers the process may enter 
into active competition with Brown. 

Invention 

Turning to the problem, of what is patentable, the question 
can be answered by a consideration of the statute and interpreta- 

^ Cf. 264 Fed.Rep. 138. (This reference is in legal style. It iiKiaiis 
P\deral Reporter j Yol. 2Q4, -p. IdS,) 

^ The right to appeal to the court. Without a patent the courts may not 
permit him to present his case. 
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tions made by the courts. In the first place the law says /^any- '• 

one who has invented ... is entitled to a patent.” To invent i 

is to discovei^ or create something not existing or knoiofi before J ,! ^ 

All discoveries, therefore, are not patentable. For example, ! , 

someone has said that the four greatest steps in human affairs 
have been the invention of the wheel and of writing and the 
discovery of fire and seeds (for the reproduction of plants). :i 

By the definition, neither discovery was patentable because / 

both fire and seeds had existed before. Likewise the discovery J : 

of a law of nature, an element, electiicity, etc., would not be I j 

patentable. Every invention is based on some discovery, but it • 

does not follow that every discovery is an invention. i 

Novelty .1 I 

The second requirement of the statute is that the invention ^ 1 

be “new and useful.” The definition of novelty is obvious from 
later statements in the law — “not known or used by others in this . i 

country ... and not patented or described in any printed 
publication 2 in this or any foreign country before his invention or 
discovery thereof.” On this point the court has said, “It may be 
a hardship to meritorious inventors, who, at the expenditure of 
much time and thought, have hit upon some ingenious combina- 
tion of mechanical devices, which for aught they knowq is entirely 
novel, to find that, in some remote time and place, someone 
else , . . has published to the world . . . a full description of 
the very combination over which they have been puzzling; 
but in such cases the Act, none the less, refuses them a patent.” 

' Utility 

The utility of an invention is seldom questioned by the 
Patent Office. Even a cursory examination of the Official 
Gazette -will reveal many patents granted for devices, of but 
slight use, e.g., a glass armor, a hat tipper. “ Obviously 
the point would not be raised in court, because infringement 
proceedings cannot be instituted until the patented material has 
been used in some way by the defendant. The only important 

^ ‘Tost arts ” are excluded from this restriction. 

2 It is immaterial whether the distribution has been limited or free, but 
the description therein must be sufficient to make experimentation 
unnecessary. 
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factor is that the invention must be useful in a social sense, 
not detrimental to public welfare. This eliminates gambling 
devices, check-raising machines, and the like.^ 

The five classes 

The next feature of a patentable invention is that it must 
belong to one of the five^ specified classes: art, machine, com- 
position of matter, manufacture, or an improvement in any of 
the four. ‘ ‘ Art ” in the patent law is synonymous with process or 
method. It is a mode of treatment, a series of acts or correlated 
steps resulting in a product. The term “machine ” includes any 
apparatus, device, or mechanical or physical structure that will 
perform some function. A “composition of matter” may be a 
mechanical mixture or chemical compound, e.g., thermite, 
dynamite, aspirin (U.S. Pat. 644,077). A “manufacture” is 
anything made by man that is not a machine or composition of 
matter.® An “improvement” invention is one involving a 
change in, or addition to, something previously invented. The 
alteration must, however, involve more than mere “mechanical 
skill,” i.e., what the average person, familiar with the subject, 
might suggest. Today almost all patents issued are for improve- 
ments, the so-called “basic” or “pioneer” inventions being 
comparatively rare. Because of their importance in chemistry, 
certain of the classes just defined merit further consideration. 

Art or process patents 

As already stated, an “art” is a process or mode of treatment. 
It may consist of a single step or a combination of successive 
operations chemical or physical in nature, e.g., refluxing A and 
B in the solvent C to produce D which is removed by filtration, 
washed, and dried. An essential feature of a process is that it 
must be independent of the apparatus. An understanding of the 
reactions or scientific principles involved is unnecessary. Fur- 

1 Inveiitioiis useful in war are generally commandeered by the state. 

“ The amendment involving plants is not considered here. 

“The tJ.S. Supreme Court, (404 OiC. 1043) ruled that “ ‘Manufacture’ 
as well defined by the Century Dictionary, is the ‘production of articles for 
use from raw or prepared materials by giving to these materials new fonns, 
qualities, properties, or combinations, whether by hand labor or by 
machinery.’” 
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thermore, a new method need not yield a new result, because a 
process patent does not protect the products Alizarin had been 
extracted from madder for many years before the synthetic 
process was patented (U.S. 95,465). When a process consists of 
several operations, a change in their order or the addition of a 
step without alteration of the product is not patentable; neither 
is the addition of a reagent that merely acts as an adulterant. 
On the other hand if a step, claimed essential in the original 
patent, can be eliminated the resulting method is patentable 
provided there has not been a corresponding omission of function. 

A variation in the conditions of a process may be patentable 
if a new and unexpected result is obtained. Charles Goodyear 
used 6 to 20 percent sulfur in vulcanizing rubber; Nelson Good- 
year used 25 percent and over. Both obtained valid patents 
because the products were entirely different. The use of dilute 
potassium cyanide for the extraction of gold was held patentable 
because, in the prior art calling for concentrated potassium 
cyanide, the base metals were also dissolved. Stopping a well- 
known reaction at some intermediate stage to obtain a new and 
useful product has been declared patentable. Double use of a 
process may or may not involve invention. The dichromate 
method for tanning leather was held patentable even though 
it had been used previously for the dyeing of wmol. The use of 
zinc dust for the precipitation of gold and silver was not sustained 
by the court, however, because zinc had long been used in an 
analogous way to remove copper from solution. Where catalysts 
are involved, the courts will usually consider valid a patent for 
each one found useful. Although the application of mono- 
and triphenylguanidine as accelerators in the vulcanization 
of rubber was well known, the courts sustained a patent for the 
diphenyl derivative because ^Hhe catalytic action of an accelera- 
tor cannot be forecast by its chemical composition, for such 
action is not understood and is not known except by actual 
test.^^ (276 U.S. 358.) 

Equivalents 

Finally, the variation of a process by the use of equivalents 
is not patentable, the term “equivalent” being considered in the 

^ In England the reverse is true. 
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legal sense; i.e., with respect to function or result. Chemically, 
sodium hydroxide is generally conceded to be equivalent to 
potassium hydroxide, but in the reaction with a fatty acid they 
are not ^ legally equivalent because the resulting soaps are 
different — hard and soft, respectively. In other words, no 
reagent is universally equivalent to another. Where a result 
cannot be foretold but must be ascertained by experiment the 
courts hesitate to uphold equivalency. Nevertheless it is a 
principle of law that a patent covers not only the exact class of 
process specified but also any process that a worker, skilled 
in the art, would regard as equivalent at the date of the patent 
application.^ 

Invoking this “doctrine of equivalents” has been very helpful 
in some cases but in others has resulted in disaster. It is per- 
fectly clear that sulfuric acid, calcium chloride, and absolute 
alcohol are equivalent as desiccants.- It -would be dangerous, 
however, to claim all liquid alcohols of the methane series as 
solvents in a particular operation if only methyl and ethyl 
alcohol had been tried, because the patent would be declared 
invalid should the iso members not function similarly [26 Fed. 
Eep. (2d) 305]. In a specific instance the patentee claimed “ all 
zinc compounds” but described only zinc oxide, zinc hydroxide, 
and zinc carbonate in his specifications. It was later found that 
zinc sulfide and zinc chloride would not work; hence the patent 
Avas declared invalid. It is, therefore^ important that all reagents 
claimed equivalent are actually so. On the other hand, it is 
equally essential that all equivalents be specified and claimed 
in order to guard against evasion of the patent. A certain 
patentee suggested the use of urea in his process. The patent 
was easily evaded by "U-se of the isomer ammonium cyanate. 
In another case the sodium salt of dinitrophenol was substituted 
for dinitrophenol itself. The courts did not consider the two 
compounds equivalent. A mixture of manganese dioxide and 
tar was declared not equivalent to manganese carbide "when used 
in a process for making steel. Equivalence of operation is 

^ Any equivalent discovered after that date is not protected because the 
patentee, under such conditions, would be enjoying the benefit of discoveries 
made by others. 

^ Their relative efficiency is not a factor. 
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another feature which must be considered. If a high-^boiling 
solvent is satisfactory in a certain operation would it be possible 
to use one of low boiling point under pressure? In the pre- 
paration of cyanogen bromide^ bromine might be added directly 
to potassium cyanide, or the halogen could be generated m 
situ by the use of potassium bromide, potassium bromate, and an 
acid. These steps might not be considered equivalent by the 
court. 

Product patents 

Hand-in-hand with process patents go product, i.e., composi- 
tion-of-matter, patents.^ In fact much of what has just been 
said regarding processes applies equally well to products. Where 
both the process and product are new and useful each may be 
protected by a separate patent. An old product made by a 
new process is, however, not patentable. Synthetic alizarin 
not bedng distinguishable from “natural” alizarin merited no 
protection. Change in the particle size or form is not invention 
unless more than a well-known result is obtained. Powdered 
glue was held not patentable even though more readily soluble 
than the massive form, but crystalline calcium carbide was 
granted protection because it could be used commercially 
in a gas generator whereas the previously known powdered 
form had been worthless for the purpose. For the same reason '■ 

“pure” aspirin was found patentable, being useful as a medi- 
cine, whereas the product available before could not be employed 
therapeutically. | 

When a patent has been obtained for a mechanical mixture, I 

furnishing the various ingredients in separate containers with | 

directions for mixing has been declared an infringement. Simi- | 

larly, addition of an inert substance to a product does not evade k 

the patent./ 'i 

As to the doctrine of equivalents in product patents, again the | 

use or function factor predominates, although in >several cases the | 

court rulings may be perplexing to a chemist. As a resistance I 

wire for a heater an alloy of 60% Ni + 40% Cr was held equiya- | 

/| 

Technically there are no process or product patents. These terms are I 

used extensively outside patent forms, however, hence are employed here, 
although they have no legal status. I 
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lent to 55% Ni + 12% Cr + 15% Fe + 8%o Mn (cf. 219 Fed. 
Rep. 210). On the other hand, in an explosive mixture, soluble 
nitrocellulose was not considered the equivalent of insoluble 
nitrocellulose. Retarding the setting of plaster of paris with 
marble dust and glue was ^'old art/^ but the substitution of 
calcium hydroxide for the calcium carbonate was considered 
new and patentable because the product w-as ^4iighly satis- 
factory and successful in practice.’’ 

Improvement patents 

Where improvement^ patents are concerned it is far easier to 
say what is not patentable than to state what can be protected. 
An improvement must show inventive genius, not merely 
meclianical skill. A new, useful, and unexpected result must 
also be obtained. The dropping of steps or parts previously 
believed necessary or the elimination of a long-endured defect 
to give a simpler method or better product may be valid grounds 
for a patent. Multiplication of operations through duplication 
of parts; trivial changes such as alteration in size, form, arrange- 
ment, or proportions ordinarily do not merit protection. 

Summary 

Before the next phase of this subject is considered, the follow- 
ing summary may be helpful. An invention is an idea, not a 
tangible thing. A patentable invention is a mental result, but 
all mental results are not patentable. The concept alone is 
not sufficient. It must have been experimentally tested and 
found to attain the desired end.- Knowledge of the theory 
involved is not demanded. If the directions, when followed 
by one skilled in the art, give the result specified, an under- 
standing of the cause and effect is not required. The esvsential 
factors in a patentable invention are that it must be new and 
useful, show inventive genius, and belong to one of the statutory 
classes, viz., art, machine, manufacture, composition of matter, 
or improvement. It is liardly necessary to say that failure to 

^ Machines and manufactures will not be discussed here. 

2 The courts have frequently ruled tliat disclosure of the idea or prepara- 
tion of drawings is not sufficient. There must be experimental verification 
— the process must be tried, the machine must be built. 
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meet any one of these four requirements or any others listed in 
the act is an effective bar to a valid patent. 

The next part of the patent act gives the inventor a period 
of two years (see Abandonment) after his invention has been 
embodied in which to study ^ his work and file application papers. 
Without going into details, it may be stated as a general rule 
that an application should be filed as soon as possible after 
reduction to practice in order to avoid or forestall interference 
proceedings in the Patent Office and to allow infringers no time 
in which to flood the market. 

Abandonment 

The question of abandonment may arise in three ways. First 
an inventor may not be diligent in completing his experimental 
work after conception of the invention. Here the court is 
usually lenient regarding its interpretation of the term “diligent.” 
Second, after the invention has been completed the patent 
application may not be filed within a reasonable length of time- 
two years is considered ample. Third, after the application has 
been filed the applicant has six months in which to reply to each 
communication from the Patent Office. If he delays beyond 
that period his application is declared abandoned. Later he 
may reapply provided the delay can be proved unavoidable, 
e.g,, due to severe illness. Finally, the last requirements of the 
statute, “Payment of fees required by law, and other due pro- 
ceedings had, refer to the various fees^ and the “Rules of 
Practice as formulated by the Commissioner of Patents for 
the conduct of all business relating to the granting of a patent. 
These latter formalities of procedure concern the patent attorney, 
hence will not be discussed here further than to say that the 
steps, in the simplest case, are (a) the application for a patent 
consisting of five parts; (6) consideration by the Patent Office 
Examiner; (c) granting of the petition; and ((^) issuance of the 
^Tetters Patent upon payment of the final fees. It is assumed, 
of course, that the entire transaction mil be conducted by a 

^ See Kivisb, O.W., T/ie Chemist 10, 266 (1933). Rivise gives a good 
discussion of the Steps Preliminary to Filing a Patent Application.” 

^ All fees are listed in the pamphlet '‘General Information concerning 
Patents.” See p. 245. 
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competent patent attorney familiar with the subject matter 
involved. A good patent, adequately securing the protection 
desired, is the work of an expert; a poor patent is expensive at 
any price and more likely to be a liability than an asset. 

Inventor 

Turning now from the problem of what is patentable to a 
consideration of the application and its consequences the question 
that first arises is: Who can obtain a patent? The Act says 

anyone who has invented or discovered. . . . This means 
the true inventor^ or his duly appointed agent. In many 
cases this point cannot be decided until another has been settled : 
What is the invention?- Once clear about the nature of the 
invention the inventor should be readily identified, for he is the 
one who reduces the idea to practice. Another person may have 
suggested the problem, but he is not the inventor unless the one 
who takes the final step has merely the status of a skilled work- 
man following directions. For example, if A tells B that someone 
ought to invent a process for making cold light and B, after 
experimentation, discovers a method, B alone is entitled to 
apply for the patent.^ On the other hand, if A tells B to mix x, 
y, and z with the production of cold light as the objective, then A 
alone is entitled to apply should the combination give the desired 
result. Again, suppose A suggests the use of x and y while B 
advocates the addition of z. Then there results a joint invention, 
and both must apply as joint inventors.^ 

^The final decision in the ‘^chromium plating’^ case was based on this 
point. The patent (U.S. 1,581,188) had been granted to Fink, but Udy 
was found to be the true inventor. [85 Fed. Rep. (2d) 577; 31 U.S.P.Q. 
105 (Sept. 21, 1936); 86 Fed.Rep. (2d) 1015 (Dec, 7, 1936); affirms pre- 
ceding decision,] 

- Strange as it may seem, inventors have obtained patents, and then, 3 ^ears 
later, the true situation has been revealed. This comes about through 
failure to appreciate the fundamental principles employed to secure the 
result covered. 

^ “ Mere suggestions or assistance from others will not invalidate the right 
of the patentee. To effect this the suggestion must furnish all information 
necessary to use the new process.” Delier, Chap. Ill (see p. 242). 

^ Each joint inventor is entitled to all rights and privileges of the patent, 
and neither is responsible to the other. Anyone furnishing equipment or 
monetary aid, however, is not a joint inventor (cf. 226 Fed.Rep. 941 ; 229 
Fed.Rep. 415). 
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Application 

With the question, settled respecting invention and inventor 
the next step is to consider the best way to secure maximum 
protection* When a process is involved, if both process and 
product are new, a product patent alone is considered better 
than a process patent alone. It would be well to protect both. 
Before this is done, the process should be subjected to exhaustive 
analysis to eliminate all unnecessary steps; reveal all equivalent 
reagents and operations; and determine ranges of concentration 
and working conditions, critical points, and the effect of impuri- 
ties present in the reagents as commercially obtained (cf. p. 222). 
To be sure that no loophole remains, the role of competitor ought 
to be assumed, and the possibilities of evasion studied. These 
experiments should clearly disclose the limitations and potentiali- 
ties of the process and thus form an adequate basis for drafting 
the essential parts of the application, viz., specification and 
claims.^ While errors in theory do not invalidate a patent, 
inaccurate or inadequate directions in the specifications may be 
fatal^ Likewise no claim is allowed that is distinctly ambiguous, 
contains anything old or inoperative, or is broader than the 
disclosure in. the specifications (66 Fed. Rep. 986). Pn the other 
hand, any invention not covered by the claims is “dedicated to 
the public.'^ The patent claim, like a fence, defines the field of 
exclusion; hence /‘nothing can be more just and fair to the 
patentee and public than that the former should understand 
and correctly describe just what he has invented and for what 

1 “The specification is a written description of the invention and how it is 
made and used, and must be in such full, clear, concise and exact terms as to 
enable any skilled persoiy to understand it. ... 

“The specification must conclude with a specific and distinctive claim or 
claims of the part which the applicant regards as his invention/' (“General 
Information Goncerixing Patents," p. 5.) 

2 ^ certain patentee stated, apparently without experimental evidence, 
that “aniline can be treated with arsenic acid with or without heat." 
Later, an infringer’s tests shoxved that practically no reaction takes place 
without heat. The patent was declared invalid because “the worker is 
clearly directed to do something useless." Similarly, in a patented process 
for the preparation of certain rhodamine dyes the presence of iron is essential 
The patentee was unaware of this point until a competitor proved that the 
substitution of an enamel-lined autoclave for the iron one used by the 
patentee made the process inoperative. The patent was declared invalid 
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he claims a patent/’ The value of a patent, therefore, ^'depends 
entirely on the wording of its claims. If these are skillfully 
drafted the patent may dominate a whole industry, and, if not, 
it may be almost valueless. , . . This difficulty applies with 
special force to chemical patents.” 

When the experimental work has been completed and the 
patent application properly executed the next step is presentation 
to the Patent Office. There the ^Mate received” and application 
number are affixed; the invention is classified according to use and 
assigned to the proper division. An examiner makes a prior 
art”^ search. If he finds nothing he may recommend that the 
patent be granted. When a “Letters Patent” certificate is 
issued, to the patentee- he should, within 12 months, apply for 
such foreign patents as he desires, otherwise the privilege is 
forfeited according to the International Convention. It must 
be clearly understood that the action of the Patent Office in 
granting a patent carries no implication as to its value. In 
fact a patent practically amounts to nothing more than a permit 
to ask the court for a decision in case of 8ul:)sequent controversy. 
That decision, however, may mean life or death to the business 
activities of one contestant; hence, in this respect, a patent 
can be of inestimable value. 

Assignment 

Other rights of a patentee have been mentioned previously, 
but the subject merits further consideration in sevepl respects, 
(a) Barring prior agreements a patent may be assigned to 
whomsoever the patentee designates. The assignee thereupon 
acquires all rights and privileges. (6) The patentee may assign 
a part interest to someone else but in so doing invites exploitation 
because the holder of an interest, no matter how small, has equal 
right with the patentee but is not responsible to him, hence may 
operate just as though he owned the whole patent, (c) A 

^ The granting of a patent by the Patent Office is based on a search of the 
available literature for “patentable novelty.” The possibility of infringe- 
ment of other patents is not considered, A good discussion of the work of the 
Patent Office examiners is given by Eossman in The Chemiat 9, 496-502 
(1932), 

3 It is beyond the scope of this work to consider rejections, interference 
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patentee may license others to use his patent, placing such 
restrictions on the use as he may see fit. He can dictate as to 
the source of materials, selling price of product (C/.S. v. General 
Electric Co, j 272 U.S. 476), duration of license, and territory in 
which operations may be conducted. 

When making a contract the patentee should be sure that he 
does not give away his patent by agreeing to accept as payment 
some percentage of the selling price of ail units sold or any other 
equally nebulous sum (cf. under Wright, p. 243). He should 
insist upon a guaranteed minimum royalty of a definite amount 
per year plus a certain fraction of the selling price of all units sold 
in excess of a specified number, or some other equally definite 
recompense, always remembering that the success of a patent 
depends largely upon the business heads behind it. 

Employer-employee 

Another aspect of patent ownership concerns the relations 
between employer and employee. In the absence of a. specific 
contract any invention made by an employee using the employer^s 
time and equipment belongs to the employee, but the employer is 
entitled to shop rights.^^^ If the employee develops the 
invention outside working hours in his own shop the employer 
has no legal claim upon the patent. Where employment is 
definitely for the purpose of doing research work all discoveries 
are the property of the employer, and all patents must be 
assigned to him. When a contract has been signed the employee 
must live up to the terms of his agreement, but the court will 
intervene in case of injustice to either party due to unfair inter- 
pretation of the arrangement. 2 

Infringement 

In accord with statute law a patent gives certain exclusive 
rights to an inventor and simultaneously takes from others the 
corresponding common law rights. There is no implication, 

^ The right to make, use, or sell the patented material. This is a non- 
exclusive license which cannot be sold or transferred to another except as a 
part of the entire business. 

2 E.g., see The New Jersey Zinc Co, v. Singmasier as decided by the Circuit 
Court of Appeals, June 4, 1934. A note regarding the case appears in 
Ind.Eng.Chem,, News Ed,, 6, 250 (1934). 
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however, that the federal government will act as guardian of 
those rights. In fact the opposite is true. The patentee must 
in all cases, where he believes himself aggrieved, actively and 
diligently assert his rights. Since an invader has little to fear 
until the court has validated a patent, all important monopolies 
are confronted with the problem of infringement and consequent 
litigation very early in their history. Such actions are expensive, 
and the outcome is uncertain. The wise inventor avoids them 
whenever possible by adoption of a reasonable license policy. 
Any general discussion of patents would be incomplete, however, 
without some consideration of infringement. . 

The Patent Office grants a patent on the presumption that 
the inventor is entitled to the protection afforded. If, sub- 
sequently, anyone else, during the life of the patent, makes, 
uses, vends, or sells the patented material without the patentee\s 
permission, he is said to have infringed. If he does not desist 
upon proper notification,^ infringement proceedings may be 
instituted by the patentee as plaintiff in a federal court of 
equity.^ There the patentee must present the evidence that he 
believes entitles him to the exclusive rights claimed. The 
defendant, accused of infringement, is given an opportunity to 
prove that the Patent Office erred in granting the patent. Then 
the judge considers the testimony vsubmitted and decides that 
the patent claims'^ are (a) valid and infringed, (5) valid but not 
infringed, (c) invalid, therefoi'c not infringed.'^ If the decision 
is in favor of the plaintiff a financial settlement may be included 
as well as an injunction restraining the defendant from further 
infringement. 

Evidence 

As regards the evidence mentioned in the last paragraph the 
plaintiff should be able to establish, to the satisfaction of the 

^ Pai^ented material mast be properly marked. Patented processes are 
protected through notifying all users by registered mail. 

2 The procedure is not so simple as described. For additional information 
see Thomas, What to Do about Your Invention.’^ 

^ Each claim stands on its own merits, the validity of one not necessarily 
affecting the status of any other. 

^ Decisions, giving the indge’s interpretation of the points involved and 
the reasons for his conclusions, are naturally excellent sources of information 
regarding patent law as it is administered. 
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court, the dates of conception and reduction to practice. This 
might be accomplished for the date of conception by (a) a written 
statement of the idea signed and witnessed by two people who can 
be produced in the courtroom to verify their signatures or (6) 
the written description subscribed and sworn to before a notary 
or (c) an oral disclosure to two witnesses pledged to secrecy. 
In either case there should be no question as to the subject 
matter involved. Next, the properly authenticated experi- 
mental records (written with ink or an indelible pencil in a bound 
notebook having any missing pages accounted for) should be 
available to prove diligence in reduction to practice. The 
records, complete and clear, should show, in chimnological 
order, the successive steps in working out the problem from the 
date of conception to the date of successful solution. All 
delays should be explained. Any discussion of the subject with 
anyone should be noted, and all bills for supplies should be on 
file in order that the chain of evidence may be as complete as 
possible. It must be clearly understood that the inventor will 
have the benefit of only such dates as he is able to establish 
(see p. 243 under Touimin). Any later steps in the history of 
events will be covered by the application and correspondence 
with the Patent Office. 

In addition to the preceding points the plaintiff must try 
to prove that bis invention meets the statute requirements — 
that it is an art, machine, manufacture, or composition of 
matter ; is new, useful, and shows inventive genius. The earlier 
discussion of the first six points may be considered sufficient 
for present purposes. If inventive genius is difficult to establish 
the court may accept such features as the satisfaction of a 
long-feit want, many unsuccessful efforts on the part of others to 
solve the problem, commercial success, or rapid and enthusiastic 
adoption. 

Finally the plaintiff must submit evidence of actual infringe- 
ment. This is often difficult to do. He may be sure in his own 
mind that his rights are being disregarded, but legal certainty 
is an entirely differeiit inatter. Access to the infringer^s plant 
will undoubtedly be denied if a process patent is involved. 
Machines and products, when offered for sale, can be traced 
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to their manufacturer more or less readily. Circumstantial 
evidence should be used only as a last resort.^ 

Rebuttal 

After the plaintiif has finished, the defendant will usually 
submit evidence attacking the validity ^ of the patent primarily 
on the grounds that the patentee is not the first and true inventor. 
Other secondary defenses may be used such as proof of abandon- 
ment, prior public use, and prior publication. Faulty specifica- 
tions or claims are excellent loopholes. The defendant may 
insist that he is not using the process or product in question and 
may win the case on some trivial point chiefly because the 
patentee is bound by the limitations of his claims and cannot 
expand them. In a certain patent heated fat liquor was 
specified. The defendant used ‘^cold fat liquor.^^ The court 
absolved him from any guilt of infringement. On the other 
side a patent claim that is too broad is equally vulnerable. The 
Gans patent (U.S. 1,195,923) relating to zeolites for softening 
water contained claims so broad that they included prior art, 
hence were declared invalid.® 

When both accuser and accused have completed their argu- 
ments a decision unsatisfactory to either party may be appealed. 
Proceedings started in a United States district court are thus 
transferred to a circuit court of appeals. If a number of con- 
flicting district court and circuit court decisions have been 
obtained the United States Supreme Court may act as final 
authority. 

^ In the saccharin controversy the plaintiffs frankly stated that they did 
not know the defendant's method of synthesis. They asserted, however, 
that since they held 23 patents covering all the commercially practical 
methods the defendant must have infringed. 

2 Rossman lists 28 lines of defense. 

^ Ind.Eng,Che7n,t News Ed., 2^ ^ 
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^^Es ist iiherliaupt erstaunlichf was Alles in Ame^'ika 
pateriUrt und welches nr alien Verfahren immer wieder 
geschutzt werden” Fehling X, p. 615 


The previous chapter was devoted to the legal aspects of 
patents, special attention being given to those of a chemical 
nature. Anyone wishing more details might start with , the 
elementary article by Rossman^ which is also valuable because of 


Table 45. — Partial Outlines of Possman and of Deller 


Kossman, 

‘Law of Patents for ChemivSts” 


Deller 

‘Principles of Patent Law’^ 


I. Introduction 

Why the Chemist Should I^ow 
Patent Law 

To Patent or to Keep Secret 
IL Essential Patent Law ■ Principles 

III. Obtaining the Patent 

IV. Eights under Patents 
Essentials of a Valid Patent 
Patent Rights 

Employ er-emplo 3 ^ee Relations 
Enforcement of Patent Rights 

V. Oeneral 
Invention Records 
Searching the Law 

The File Wrapper and Contents 
The Appraisal of Chemical Inven- 
tions 


History, Theory and Nature of 
Patents 

Classes of Patentable Inventions 
Persons Entitled to Letters Patent 
Principles of Patentability 
Acquisition and Termination of 
Letters Patent 

Remedy of Defective Patents 
Form and Construction of Patents 
Infringement of Letters Patent 
Suits for Infringement 
Incidents of Ownership of Patents 
Commercial Phases of Patents 
Foreign Patents 


Appendix 

Glossary of Terms 
Annotated Bibliography 
Index 


Appendix (largely statistical) 
General Bibliography 
Library List 
Indexes 


1 The first seven citations have been classified and placed at the end of this 
chapter, p. 242. 
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the annotated bibliography covering both book and periodical 
literature, A more technical discussion is given by Rivise- 
who deals with the problem of patentability. This article is an 
excellent summary of the situation, Rossman\s book'^ goes more 
deeply into the subject of patents for chemists, but he is careful 
to avoid the terminology of the legal profession, A list of the 
subjects covered is given in Table 45. There too will be found 
a summary of the topics in Deller^s treatise^ Avhich, although 


Table 46. — Where Copies op Issued Patents May Be Purchased* 


Country i 

Send to 

Price 

Austria 

Osterreichisches Paten tamt, Vienna ' 
(photostat copies : Bors & Mtiller, 
Wien I, Trattnerhof 2) 

Is. 

Canada 

Commissioner of Patents, Ottawa 

Estimate on ap- 

■ 

(manuscript copies only) 

plication 

France. 

LTrnprimerie nationale, 27 Rue de 
la Convention, Paris XV 

Pr. 5 postage 

Germany. ....... . 

Reichspatentamt, Gitschiner Strasse 
97-103, Berlin S.W. 61 (patent 
class should be included) 

0.9 RM 

Great Britain.. . ... 

Comptroller-general, Patent Office, 

Is. “h lid. post- 


25 Southampton Buildings, Chan- 
cery Lane, London, W.C. 2 

1 ' age 

Japan. 

Teikoku Hatumei Kyokae 10, 3- 
Tyome, Manmouti, K6zimati-Kii, 
Tokyo 

4 sen + postage 

Netherlands 

Bureau voor den indiistrieeien Eig- 
eiidorn, Willem Witseiiplein 6, 
den Haag 

0.50 ii. 

Switzerland 

Bureau federal de la propriete in- 

Fr. 1.20 for 10 pp. 


tellectuelle, Berne 

or less 

United States 

Commissioner of Patents Wash- 
ington 

10 CtS. : ■ 


* Data for several other countries are given in Chemical AbstracU 31, No. 1, p. ii (1937). 


addressed to chemists and metallurgists, is distinctly more 
technical than that by Rossman. Deller's appended bibliog- 
raphy (pp. 453~460) is especially valuable for those who care to 
investigate the legal literature: case reports, digests, etc.^ 
Articles on special topics have been written by Rivise*'^ and 
published in The Chemist. They deal with the applicant and 
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his application. Finally, Thomas^ has prepared a summary of 
court decisions covering various points that have arisen in litiga- 
tion. Actually his book is a ‘^finding list ” because a reference to 
the case report is given for practically every statement, a valuable 
feature for the more advanced student of patent law. 

Obtaining specifications 

Turning to the original patent literature, H.e., the specifications 
and claims for issued patents (see p. 217), if one has the country 
of issue, number, date, and inventor's name for any particular 
patent he may purchase a copy from the source mentioned in 
Table 46. When a patent is “out of print" photostat copies 
may usually be obtained. Incidentally, various libraries in the 
United States have files of patents which are more or less com- 
plete (see Table 47). 


Table 47. — Some American Libraries Having I'ilbs of Patent 
Specifications 


City 

Library 

Patents available 

Boston. ........ 

Public 

U.S., 1790- ; Brit., 1617- ; Ger. 

1892- ; French, 1791-1900 (July) 

Buffalo. . . ... . . . 

Grosvenor 

U.S., 1871 (May)- 

Chicago. 

Public 

U.S., 1871 (July)- ; Brit., 1617- ; 

French, 1791-1900 (July); Ger., 1914 (Jan.)- 
1933 (Mar.) 268,800-673,545 

New York. . . . . . 

Public 

U.S., 1871- ; Brit., 1617- ; Ger., all 

but Nos. 302,901-455,200; French, 1902- 
; Danish, 1894- ; Jap., 1905- ; 

Swed., 1885- 

Philadelphia. .... 

Franklin 

Institute 

U.S., 1790- ; Brit., 1617- ; French, 

1791-1900 (June); Swiss, 1888- 

Pittsburgh. . .... 

Carnegie 

j 

U.S., complete; Brit., complete; Ger., 1913- 
14; French, 1791-1900 (July) 

St. Louis 

Public i 

U.S., 1871- (incomplete); Ger., 55,000- 

(approx, complete) 

Washington . . . . . 

Patent 

Office 

Gompiete files of U.S. and important foreign 
. patents ■ , 


The preceding statements naturally bring Up the question of 
how to obtain the information required— number, date, patentee, 
^ It is very e.xtensive. In the United States alone about a thousand 
patents are issued weekly of which about 18 percent are chemical in nature. 
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and, of still greater importance, subject. This leads directly 
to a consideration of the literature about patents which for 
present purposes will be divided into two groups: official and 
non-official Under official literature will be considered publica- 
tions, other than patents, of the various national patent offices: 
first our own, then two or three European, to indicate their 
similarities and differences. The non-official group will include 
other sources of information. Certain references, not mentioned 
in the text, will be inserted in the last section. 

OFFICIAL LITERATURE 

United States 

Among the official publications of the U.S. Patent Office 
are the Official Gazette ^ Annual Index, “Decisions of the 

Commissioner,^^ and “Manual of Classification.^^ The date of 
issue of any patent is the date of publication in the Official 
Gazette. This periodical (Vol. 1, 1872) now appears weekly on 
Tuesday. It contains a list of the patents, trade-marks, etc., 
granted on the Tuesday specified. The patents are arranged 
in numerical order. Each entry contains the patent number, 
title, name of patentee, date filed (i.e., date of application), 
a reproduction of any essential drawing, and the most important 
claim or claims (usually one, rarely more than two or three). 
At the back of each copy of the Official Gazette are three indexes: 
a. Names of patentees alphabetically arranged. 
h. Alphabetical list of inventions. 
c. Classification of inventions according to use. 

Given the patent number (Table 48), date of issue, patentee’s 
name, or name of the invention, a patent can be quickly located 
in the Official Gazette. The lists of patentees’ names and of 
inventions are cumulated in the Annual Index. ^ Of course the 
“List of Inventions” is of little value if the name assigned by 
the Patent Office is unknown. Furthermore it should be noted 

i Down to 1926 this Index was bound with and formed a part of the 
'^Annual Report of the Commissioner of Patents,” Starting in 1920 and 
coutinuiiig down to date it has been issued as the '‘Index of Patents.” 
The reason for the appearance under two titles during the overlapping six 
years is not apparent. 
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that there are very few cross references. Even though a patent 
bears an obscure or unusual title it may be entered only under 
Table 48. — Chronological List op U.S. Patent Numbers * 


1836 (July 28) 

1* 

1871 

110,617 

1906 

808,618 

1837 

110 

1872 

122,304 

1907 

839,799 

1838 

546 

1873 

134,504 

1908 

875,679 

1839 

1,061 

1874 

146,120 

1909 

908,436 

1840 

1,465 

1875 

158,350 

1910 

945,010 

1841 

1,923 

1876 

171,641 

1911 

980,178 

1842 

, 2,413 

1877 

185,813 

1912 

1,013 ,095 

1843 

2,901 

1878 

198,733 

1913 

1,049,326 

1844 

1 3,395 

: 1879 

211,078 

1914 

1,083,267 

1845 

1 3,873 

, 1880 

223,211 

1915 

1,123,212 

1846 

: 4,348 

^ 1881 

236,137 

1916 

1,166,419 

1847 

4,914 

! 1882 

251,685 

1917 

1,210,389 

1848 

5,409 

1 1883 

269,820 

1918 

1,251,458 

1849 

5,993 

’ 1884 

291,016 

1919 

1,290,027 

1850 

6,981 

1 1885 

310,163 

1920 

1,326,899 

1851 

7,865 

j 1886 

333,494 

1921 

1,364,063 

1852 

8,622 

I 1887 

355,291 

1922 . 

1,401,948 

1853 

9,512 

! 1888 

! 375,720 

1923 

1,440,362 

1854 

10,358 

1889 

395,305 

1924 

1,478,996 

1855 

12,117 

1890 

418,665 

1925 

1,521,590 

1856 

14,009 

1891 

443,987 

1926 

1,568,040 

1857 

16,324 

. 1892 

466,315 

1927 

1,612,790 

1858 ! 

19,010 

1893 

488,976 

1928 

1,654,521 

1859 

22,477 

1894 

511,744 

1929 

1,696,897 

1860 

26,642 

1895 

531,619 

1930 

1,742,181 

1861 

31,005 

1896 

552,502 

1931 

1,787,424 

1862 

34,045 

1897 

574,369 

1932 

1,839,190 

1863 

37,266 i 

1898 

596,467 

1933 

1,892,663 

1864 

41,047 

1899 

616,871 

1934 

1,941,449 

1865 

45,685 ^ 

1900 

640,167 

1935 

1,985,878 

1866 

51,784 , 

1901 

664,827 : 

1936 

2,026,616 

1867 

60,658 ' 

1902 

690,385 ^ 

1937 

2,066,309 

1868 

72,959 1 

1903 

717,521 ; 



1869 

85,503 1 

1904 

748,567 



1870 

98,460 ' 

1905 

778,834 




* The number given is that of the first patent granted during the year specified. This 
table was compiled from the “ Annual Report of the Commissioner of Patents for 1925,'’ 
p. ix, and from the Oj(?icmr(?£i;04M5fe for the years 1926-37. 

that title in the Index. one must refer to the subject 

classification at the end of each weekly issue^ of the Gazette and 
^ The Annual Indexes for 1916-20. inclusive, also contain a subject 
classification. 
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described in the Manual of Classification of Patents — 1929.”^ 
In this system all patentable subject matter is arranged on the 
basis of essential functions or effects.”*^ All inventions ‘‘having 
like functions, producing like products or classes of products 
and like effects or classes of effects, are purposed to be brought 
together . . . and arranged in classes and subclasses (see 
Table 49). An examination of the Manual will reveal three 
important aids: 

a. Classes alphabetically arranged. 

h. Classes and subclass schedules. 

c. Alphabetical index of class and subclass titles. 

Two peculiarities of the grouping should be noted: “Composi- 
tions of matter are commonly classified with the processes and 
sometimes with the instruments for making them.'^ Processes 
limited to the use of particular ingredients for producing a 
specified composition are classified with the composition. 

The utility feature of any subject having been determined with 
the aids mentioned, it should be possible to select the classes 
and subclasses under which patents relating to that subject might 
be placed. Possibly this can be done most easily by consulting 
first the alphabetical index for the specific name, then the 
class and subclass schedules for closely related headings (see 
Table 49). Next a search of the weekly classification index^ 
for the corresponding class numbers ought to reveal all of the 
pertinent patents. 

If in the course of an investigation a patent is found that 
appears, from the entry in the Official Gazette, to merit further 
study, the complete specification and claims may be examined at 
one of the depository libraries (Table 47), or a copy may be 
purchased from the Patent Office. Considerable additional 

1 Revisions are made occasionally and published in a special Clcmification 
Bulletin. 

2 Brearley’s famous stainless steel patent is classified under “Cutlery.” 

®Thus carborundiim might be classed under “Abradmg compositions 

(51-280);” or “Chemistry compounds, carbides (23-208)”; or Electro- 
chemistry, syntliesis of carbides (204-62)”; but according to this statement 
the proper place would be “Electric furnaces, produces and related proc- 
esses (13-36).^’ 

^ Since this method is tedious and uncertain at best, other ways will be 
described later in connection with the non-official literature. 
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Table 49. Some U.S. Patent Classes and Subclasses Involving 
Subjects OP Chemical Significance* 


Class 

8 Bleaching and dyeing 
18 Plastics 
23 Chemistry 

2 Gas separation and puri- 
fication 

5 Composition 

6 Gas generating 

7 Nitrogen and hydrogen 

mixtures 

8 Fire extinguishing 

14 Compounds 

15 Rare element com- 

pound recovery 
25 Alkali-metal compound 
recovery 

50 Salts 

51 Amphoteric metals 
59 Boron 

61 Carbonates 
75 Cyanogen 
85 Halogen 
101 Nitrogen 
114 Sulphur 

139 Acids and acid anhj^drides 
183 Bases 

203 Ternary oxy compounds 

204 Binary compounds 

205 Halides 
209 Non-metals 
215 Halogens 

230 Analytical and analytical 
control methods 
233 Catalysts 

239 Packing and preserving 
chemicals 

252 Apparatus 

253 Analytical and analyt- 

ical control 


Class 

254 Gas analysis 
254 Automatic 

256 Volumetric 

257 Sampling devices 
25 Plastic block and earthenware 

apparatus 
30 Cutlery 
49 Glass 

52 Explosive, pyrotechnic and 
match com positions 
71 Chemistry, fertilizers 
75 Metallurgy (70) f 
87 Oils, fats, and glue 

91 Coating 

68 Processes 

92 Papermaking and fiber libera- 

tion 

95 Photography 

99 Foods and beverages (69) > 

106 Plastic compositions 
37 Pyroxylin 
40 Viscose and cellidose 
127 Sugar, starch, and carbo- 
hydrates 

134 Liquid coating compositions 
167 Medicines 

195 Chemistry, fermentation (70) 

196 Mineral oils 
202 Distillation 

204 Electrochemistry 
Electrolysis 
27 Tanning 
31 Synthesis 

252 Substanee preparation 
2 Absorbents 
4 Volatile-organic-liquid 
recovery 

6 Colloids and suspensoids 


1 For a complete sehedale of classes 23 aad 260 see Kossman, “The Law of Patents for 

j Chemists,” p. 247, or; the U.S. Patent Office, "Manual of Classification*' and the 

I (No. 71 from, which this summary has been prepar^ 

I t Number of the Classification Bulletin in which the record will be found of a major 

change in the class since publication of the 1929 “ Manual.** 
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Table 49.— Some U.S. Patent Classes and Subclasses Involving 
Subjects of Chemical Significance* — {Contmued) 

Class 

8 Cliemical purification of 
mineral substances 
260 Chemistry — Carbon com- 
pounds 

2 Condensation (unknown 
constitution) 

11 Metallo compounds 

14 Arsenic 

15 Arseno 
17 Sulfurized products 

* For a complete schedule of classes 23 and 260 see Rossman, ’’The Law of Patents for 
Chemists," p, 247, or tlie U.S. Patent Office, "Manual of Classification’’ and the Classifica- 
tion Balletin (No. 71 et ante) from which this summary has been prepared. 

information may often be obtained from a study of the contents 
of the “file wrapper,” especially where there has been a difficulty 
in the granting of the patent. This file wrapper contains a 
complete history of the patent from the date of application to 
the date of issue. A copy can be secured by applying to the 
Commissioner of Patents. 

British 

Official publications of foreign ; patent offices are in general 
similar to those issued by the United States. In Great Britain 
the Illustrated Official Journal (Patents), corresponding to our 
Official Gazette, was issued each Wednesday from 1889 to 1931. 
Its successor The Official Journal (Patents) contains neither 
illustrations nor claims; consequently it is less useful. The 
“Illustrated Abridgements of Specifications” covers the years 
1855-1930. For the period 1855-1908 (Series A) there are 
nine consecutive sets of 146 volumes each (one class in each 
volume) based upon the key of 1899. Starting in 1909 and 
extending to 1930 there are four consecutive sets of 271 volumes 
each (Series B). Since February, 1931, the number of groups 
has been forty (Series C). The “A.bridgement Class and Index 
Key” explains the arrangement of these compilations. It 
should always be consulted before starting a search, because it 
contains information not repeated in the annual indexes. The 
third edition of the key (1899) describes the 146 divisions used 


27 Aziries 
98 Esters 

lOS Carboxylic acids 
136 Aldehydes 
142 Nitro compounds 
149 Ethers 

153 Hydroxy derivatives 
160 Halogen derivatives 
167 Hydrocarbons 
172 Processes 
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down to 1909; the fourth edition (1910) explains the 271 divisions 
used from 1909 to 1930 (see Table 50). 

Finally, there are two important indexes, the “Fifty Years 
Subject Index” for 1861-1910 in 271 volumes and the “Name 
Index,” Vol. 1 of which covers the period 1617-1852. Since 
1910 the subject index and since 1889 the name index have been 
continued in the Official Journal. 

Table 60 . — Bbitish Classification of Patents.* Some Classes op 
Chemical Interest 

1855-1908: Series A 

Class 1. Acids, alkalis, oxides and salts. Inorganic 

2. Acids and salts, organic and other carbon compounds (including 
dyes) 

90. Non-metallic elements 

91. Oils, fats, lubricants, candles and soap 
95. Paints, colours and varnishes 

98. Photography 
127. Sugar 
1909-1930: Series B 

Class 1. (i) Chemical processes and apparatus 

(ii) Inorganic compounds other tlian metallic oxides, hydrates, 
oxyacids, and salts (including alkali manufacture and 
cyanogen compounds) 

(hi) Oxides, hydrates, oxyacids and salts, metallic (other than 
alkali) manufacture and cyanogen compounds 
2. (i) Acetylene 

(ii) Cellulose, non-fibrous, and cellulose derivatives 
(hi) Dyes and hydrocarbons and heterocyclic compounds and 
their substitution derivatives 
15. (ii) Dyeing 

82. (i) Metals, extracting and refining, and alloys 

90. Non-metallic elements 

91. Oils, fats, etc. 

1931- : Series C 

Group III. Chemistry, Inorganic. Distillation. Oils. Paints 

IV. Acetylene, Cellulose. Chemistry, Organic. Dyes and 
dyeing 

V. Cements- Indiarubber . . . 

VI. Beverages. Food production. Medicine . , . ; 

* From “ Abridgement of Speeidcations," 33, IX (at back) (1921), and TheOfficial Journal 
{Patents) No. 2196 (Feb. 18, 1931). 

German 

The German Patent Office publishes two journals weekly. 
The ^Tatentblatt^^ and its supplement “ Ausziige aus den Patent-, 
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schrifteii^’ appear each Thursday. The Patentblatt contains 
first a list of applications;^ second, a list of patents granted; and 
then applications withdrawn, patents refused, alterations, and 
finally cancellations. ^ All of this material is arranged, within 
each division, according to the German system of classification. 
Each entry contains the classification number, application 


Table 51 . — Chronological List of British Patent Numbers 


1915 

l-s: 

1923 1 

190,731 

1931 

340,201 

1916 

100,001 

1924 ! 

208,731 

1932 

360,0011 

1917 

102,812 

1925 

226,571 

1933 

380,001 

1918 

112, 131 

1926 

244,801 

1934 

400,001 

1919 

121,611 

1927 

263,501 

1935 

420,001 

1920 1 

136,852 

1928 

282,701 

1936 

440,001 

1921 ! 

155,801 

1929 

302,941 

1937 


1922 

173,241 

1930 

328,171 




* Before lOl.'j numbering started at 1 each year. 

t Numbers for the hxst 5 years were furnished by the Science and Technology Division of 
the New York PuV.dk Library whicli calls attention to tl\e fact that dates of acceptance of 
specifications are not alw'uys consecutive with patent numbers. 

number, name and address of the inventor, title of the jiatent, 
and its date. The ‘^Auszlige’^ (Abstracts of Patent Texts) 
corresponds more nearly to our Official Gazette. The arrange- 
ment is, however, according to class and not number. An 
explanation of the classes is to be found in “Giuppeneinteilung 
der Patentklasse,” which contains almost 19,500 subdivisions. 
Class 12 is one of particular interest to chemists (see Table 52). 

There are several indexes, but the one of major importance 
is the annual Verzeichnis der erteilten Patente,^^ This ^^Vei- 
zeichnis ” is divided into five sections : 

(a) ^^Chronologische Uebersicht der Patente^^ which lists 
patents in numerical order and gives the classification of each. 

^ All German applications are open to public inspection for 2 months 
before final action is taken. During this period anyone may obtain a copy 
of the specification and file objections. If sustained, the patent is not 
granted. Once issued, the validity must be attacked within five years; 
otherwise the right is abandoned. 

^ In Germany, as in many other foreign countries, there is an annual tax 
on a patent increasing with the age of the patent. If not paid, the monopoly 
is cancelled. 
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(&) ‘'Systematische Uebersicht der Patente” arranges patents 
by classes and gives the number, title, date, and cross reference 
to the “Ausziige.” 

(c) “Alphabetisches Namenverzeichnis der Patentinhaber ” 
contains in addition to the inventor’s name, the patent number, 
class, and a cross reference to the “ Systematische Uebersicht.” 



Table 52. — Some DrvasioNs of the Gekman Patent Classification 
Class 12 Chemical processes and apparatus in so far as they are not con- 
sidered in special classes 

Subclass 12a Cooking processes and vessels for chemical work evapora- 
tion, concentration, distillation (except dry distillation 
of wood under r and Class 10a) 

1 Pleating for chemical purposes 

2 Evaporation or concentration ... 

126 Calcination, melting ... 

12c Solution, crystallization, concentration of liquids 

1 2d Clarification, separation, filtration 

12c Absorption and purification of gases and vapors ... 

12g General pure chemical proces>ses of the chemical industry 
126 General electrochemical processes and apparatus 
12^ Metalloids and their compounds 
2-10 Halogens 

11-16 Oxygen and its compounds 
17-25 Sulfur and its compounds 
12/c Ammonia, cyanogen, and their compounds 
12f Alkali metal compounds 

12o Hydrocarbons, alcohols, aldehydes, ketones . . . 

12p Ring compounds containing nitrogen ... 

12g Amines, phenols, naphtholS) aminophenols ... 

12r Tar distillation . . . 

Class 306 Medicinals, cosmetics . . . 

Class 48 Chemical preparation of metals (electrodeposition, etc.) . . . 


(d) ^‘Alphabetisches Sachverzeichiiis^^ includes the patent 
number, classification, and cross reference to the “Systematische 
Uebersicht/^ 

(e) “Verzeichnis der Patente’^ which is a list of all patents 
in force arranged by class and by number. Given the patent 
number, patentee/s name, or the subject by use of the “Verzeich- 
nis^^ a patent may be quickly located. Table 53 will be of help 
in case the number alone is known, because it tells which year of 
the “ Verzeichnis” to comsult. 
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Except for minor details^ the patent office literature of other 
countries is similar in nature to that of at least one of the three 
nations mentioned in the preceding paragraphs. The Germans 


Table 63. — Chkonological List op Gbkman Patent Ntjmbeks 


1877-78 

1 

1898 

96,191 

1918 

296,326-311,090 

1879 

4,391 

1899 

101,761 

1919 

296,424-318,791 

1880 

8,801 

1900 

109,191 

1920 

296,478-333,470 

1881 

12,767 

1901 

117,975 

1921 

297,918-348,890 

1882 

17,106 

1902 

128,483 

1922 

296,475-369,600 

1883 

21,237 

1903 

139,093 

1923 

297,241-390,120 

1884 

26,085 

1904 

149,057 

1924 

296,958-408,310 

1885 

30,544 

1905 

158,246 

1925 

408,311 

1886 

34,562 

1906 

167,846 

1926 

424,191 

1887 

38,570 

1907 

181,276 

1927 

439,681 

1888 

42,452 

1908 

194,526 

1928 

454,941 

1889 

46,375 

1909 

206,136 

1929 

470,541 

1890 

50,781 

1910 

218,131 

1930 

490,751 

1891 

55,461 

1911 

230,231 

1931 

517,492 

1892 

61,011 

1912 

242,871 

1932 

543,356 

1893 

66,911 

1913 

255,951 

1933 

569,561 

1894 

73,341 

1914 

269,471 

1934 

591,301t 

1895 

79,621 

1915 

281,821 1 

1935 

608,301 

1896 

85,341 

1916 

290,011 

1936 

624,441 

1897 

90,751 

1917 

296,282-303,681* 




* From 1917 to 1924 there was considerable overlapping of the mirabers apparently 
through delay in actually granting patents to which muiib era had been assigned. During 
the period 1925-32 there was less confusion, since only the following were issued during the 
year stated in addition to the numbers given in the table: 


1925......... 301,547 and 365,340a 

1926 ............ 305,080 

1927 406,565; 418,418; 418,909; 423,164; 432,658; 435,458 

1928. .....445,293 

1929 365,340o; 451,537; 458,880; 466,051 ; 468,383 

1930 11 numbers between 468,976 and 490,711 

1931 12 numbers between 470,839 and 517,451 

1932 ............. 32 numbers between 494,090 and 543,359 


t Numbers for the last three years w^ere furnished by the Science and Technology Division 
of the New York Public Library. 

with their characteristic thoroughness have set up a system that 
has been used as a model in many other lands. Any further 
discussion, therefore, would be largely repetition. 

^Anyone wishing them should consult the article by Julian F. Smith 
mentioned in the footnote, p. 248. 









J 

f 




PATEr^T LITERATURE 235 

NON-OFFICIAL LITERATURE 

Worden’s index 

One of the important nou-ojfficial keys to patents is Worden’s 
‘‘Chemical Patents Index” which covers only United States 
issues during the 10 years 1915-24. Volume I contains an 
alphabetical list of all patentees. The subject index is started 
in this volume and completed in the succeeding four volumes. 
Under each entry will be found the number of every patent in 
which the indexed word is mentioned. Although the naming of 
organic compounds follows essentially the system used in 
Chemical Abstracts there are certain peculiarities. Con- 
sequently the “Prefatory Statement” in Vol. I should be con- 
sulted before any extensive use of the Index is attempted. 

Dyes 

A more restricted discussion of patents is Friedlander’s 
“ Fortschritte der Teerfarbenfabrikation und verwandter Indus- 
triezweige.”^ This work embraces the period 1877-1930, 
and the material in each of the 17 volumes is arranged according 
to subject, e.g., azo dyes, indigo dyes. At the beginning of 
each division there is a general discussion of the group which 
is followed by a reproduction of every accepted patent and the 
claims of every patent application included in the class. Little 
space is devoted to foreign patents. Starting with Vol. V 
there is, however, a list that gives the number of each American, 
British, and French patent mentioned in the text. Every 
volume has a detailed table of contents, a subject index, patentee 
index, and list of patent numbers. This compilation is well 
known and widely used. 

Inorganic Industry 

Complementary to Friedlander is Brauer and D’Ans, “Fort- 
schritte in der anorganisch-chemischen Industrie,” This series, 

1 Volume XVI carries the subtitle Verbindungen olme Farbstoffchar- 
akter der organischen Technologie. Organisciie Farbstoffe. Verfahren 
der Faserveredlung. Farbe- und Driickverfaliren. Oelluloseverbindungen. 
Plastische Massen. Harze. Gerbstoife urid Hilfsmittel der Textilindustrie, 
Mittal zur Sehadlingsbekampfuilg, Pharmazeutische Praparate. Hor- 
mone, Vitamine. Sera. Impfstoffe/’ Not ail. of these topics are con- 
sidered in the earlier volumes. 
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in four volumes^ is now complete from 1877 to 1932: Vol. I, 
1877-1917; Vol. II, 1918-23; Vol. Ill, 1924-27; Vol IV, 1928-32. 
The arrangement is similar to that of Friedlancler. The patent 
classes dealing with inorganic compounds are discussed in order 
according to the German system. Each division contains, 
first, a brief review of the field, important foreign patents, and 
recent literature; then there is a reproduction of each German 
patent. If foreign protection has also been granted, the patent 
number is mentioned. ^^This work presents the easiest way to a 
quick acquaintance with the German patent state of the inor- 
ganic chemical art.” 

Drugs 

Another excellent summary of patent literature is Houben^s 
^‘Fortschritte der Heilstoffchemie” the first part of which is 
entitled ^^Das deutsche Patentschriftwesen.” Tins division — 
>six volumes have been published — considers the patents in 
Class 12 i, 0 , <1 a^i^d Class 30/i. The arrangement is the same 

in all volumes. After the introduction there is a list of patent 
numbers grouped according to class and subclass. Next comes a 
survey of each section attempting to interpret! the patents and 
give their theoretical basis. Then the patents themselves are 
reproduced in numerical order. Finalty there are author and 
subject indexes. 

Winther^s digest 

A few years ago Winther published his ^ ^Patent e der organ- 
ischeii Chemie” in three volumes. The first volume is a digest, 
by subjects, of Geimian patents and applications from 1877 to 
1905 relating to ■ organic compounds not dyes. The second 
discusses dye patents of the same period. Volume III contains 
(a) a list, in numerical order, of the patents considered together 
with the numbers of each patent if also issued in the United 
States, Great Britain, France, Austria, or Russia; (h) numerical 
lists of organic patents, granted from 1895 to 1908, in each of 
the countxies just mentioned with the pateiitee/s name, date 
of issue, and, number of the corresponding German patent; 
(c) alphabetical list of patentees; (d) a subject index; (e) a 
list of trade names with data concerning the manufacturer, 




M— — a— 


, . 


I PATENT LITERATURE 237 

chemical composition, patent involved, and references to other 
{ pertinent literature. 

I PATENT SEARCHES 

In conclusion, the problem of patent searches depends entirely 
on the objective. If one wishes to acquire a nodding acquaint- 
ance with patent literature and its potentialities^ the matter 
is fairly simple. At the other extreme is the preparation of a 
bibliography to be used in connection with an important infringe- 
ment suit. Although such work can be started anywhere it 
cannot be considered complete until a patent bibliographer, 
expert in the field of chemical claims, has made a thorough 
examination in the Patent Office library, the New York Public 
Library, or some other center having equal facilities. Some- 
where between the two extremes are searches made (a) before 
starting research work, (5) before applying for a patent, ‘(c) by 
the Patent Office examiner, (d) by possible infringers. With two 
exceptions all of these investigations are beyond the scope of this 
book. The discussion here will be restricted, therefore, to 
searching for a patent, given the number or patentee's name, with 
just an introduction to the more difficult task of finding issues 
dealing with a particular subject. 

Starting with a patent number, the first step is to get some 
notion of the year the patent was granted (see the “Ghronological 
Tables in this chapter), then refer to the official journal of the 
country concerned. The United States and British patents are 
arranged numerically; many of the others, according to a system 
of classification; but number indexes are usually provided. If 
the official journal is not available, various other aids may 
be consulted (see Table 54). The search should ultimately 
reveal the patentee's name, date granted, and at least the field 
of operation, perhaps also an abstract. If sufficiently attractive 
to warrant further investigation, the specification and claims 
may be procured as already described. 

When the quest starts with only the inventor's name, his 
nationality will suggest which official journal to consult first. 
Since this information may be difficult to obtain, the author 
indexes of Chemical Abstracts, the Zentralblatt, British Chemical 
1 Cf. Smith, J.F., Ind.Eng.Chem., 16, 627 (1924). 
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Abstracts, and Chimie & industrie may be helpful. If not, the 
patentee indexes of the vaiious patent offices should be examined, 
probably in the following order: United States, British, German, 
French, Swiss, Austrian, others as encountered. 

When a name is being searched for, two questions should 
always be kept in mind: (a) Is the name spelled correctly? 
(b) Is it really that of the patentee? Often it is advisable to 
confirm these points before much time is spent on the problem, 
for it is possible that Brown should be Braun and that White 
was the assignee, not the patentee. 

Lastly, given a subject, how can one locate the relevant 
patents? As previously intimated, not by searching the official 
title indexes. An inventor desires to obtain the maximum 
protection possible. If, therefore, he can hide his patent by 
giving it an obscure name the artifice is considered entirely 
legitimate. Furthermore, he is aided by the patent indexers 
because they endeavor to enter a patent but once and do not 
include cross references. Incidentally, they are concerned about 
the appix>priateness of a title only from the standpoint of function 
or use of the thing patented.^ Mellon (p. 59) suggests that the 
subject indexes of abstract journals also may be unreliable. 
He says, It has been the author^s experience that the subject 
indexes of the abstracting journals are not always dependable 
when searching for abstracts on patents. The abstract is 
included, but no reference to it can be found in. the index.” 
As a result of this situation it is believed that a fair start on a 
subject search can be made by going first to the vaidous official 
indexes based upon systems of patent classification^ (see earlier 
descriptions). 

Two non-official compilations not particularly concerned with 
patents, yet containing many patent references, are Ullmann^s 

1 Any issvL^ oi tho Official Gazette will furnish numerous examples. The 
writer has at hand U.S. Pat. 1,840,445 which is entitled T Titration Method 
Tablet Therefor.^’ With no more information woiikl anyone suspect that 
it describes a simple method for determuiing the strength of a hypochlorite 
solution? 

2 A complete list of patent numbers by classes and siibclasses is available 
at the Patent Office in Washington. The Carnegie Library at Pittsburgh 
has a list ^'for 48 (U.S.) classes, mainly in the fields of chemistry and metal- 
lurgy.^' Other libraries may possess similar aids. 
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Table 65.— Literature Dealing with Patents by Subjects 
S ubject Sources 

Acetaldehyde Ullrich, A., MetalMrse 315, 363, 413 

(1931) 

Acetic acid. Klar, N., ^^Technologie der Holzverkohl- 

iing . . . Julius Springer, Berlin, 1910, 
pp. 404-19 

Cd plating Rossman, J., Metal hid. (N.Y.), 27, 330-32, 

375-76 (1929) 

Carbon (activated) ’ Krczil, P., KoUoidrZ.j 66, 367-71; 66, 

111-6 (1931) 

Cement (manufactured). .... Rossman, J.Rock Products 34, 46-50 (1931) 

Cr plating.. Schneidewind, R., ^UA Study of Patents 

Dealing with the Electrodeposition of 
Chromium,” University of Michigan, Ann 
Arbor, Eng. Research Bull. j 8, 1927. 

Dyes . Curtis, C. A., “Artificial Organic Pigments,” 

Sir Isaac Pitman and Sons, London, 1930, 
pp. 122-166, Doyle, Priedlander, Hen- 
maim, Lange, Rowe, Schultz 

Dyes, rayon Winther; Brightman, R., Ind.Che77iist 7 , 

4 (1931) 

Methanol Dersin, H., Chem.4ech.Ru7idschau 4:^y 12^-8, 

176-8(1929). CH3OH from CO + H 

Petroleum.. ..Carpenter, J.A., JJnst.Petrol.Tech.y 16 , 

306-12 (1930) 

Petroleum (cracking)... Egloff, Lowry, Schaad, i5^d., pp. 133-246 

Phenol (synthesis) . Melanoff, I.S., Plastics 6, 23, 30, 86, 97 (1930) 

Plastics Aladin, Plastics 7, 142 ei seq. (1931). Cellu- 

lose acetate 

Proteins. Altpeter, “Patentliteraturder Eiweiszstoffe,” 

Allgemeiner Industrie- Verlag, Berlin, 1932 

Rayon - . ■ • ■ Siivern, K., ^/Die kimstliche Seide,” Julius 

Springer, Berlin, 5th ed,, 1st suppl., 1931 
Waxes. ..... . .............. Fischer, E.J,, “ Waclise, wachsahnliche 

Stoffe . . . T. Steinkopf, Dresden and 
Leipzig, 1934. Vol. 30 of Rassow^s ^^Tech- 
nische Fortschrittsberichte ” 

Zinc oxide. . . . . . . ... ....... New Jersey Zinc Go., Research Bull., May, 

1930, Zinc oxide as a rubber pigment 
* This table calls attention to a variety of patent bibliographies for the purpose of a.ssist“ 
ing anyone interested in the arrangement of such material. 

Encyclopedia and the National Research CounciFs '^Bibliography 
of Bibliographies.’^ Next, special treatises should be examined, 
e.g., Friedlander, Doyle, Heumann, and Rowe for dyes; Bedford 
and Winkelmann for rubber; Worden for cellulose esters, etc. 
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(see Table 54). Finally, the various subject indexes of abstract 
and patent journals might be examined. Of course the magni- 
tude and importance of the search will dictate the stopping 
point. A pursory inspection would cover only the last named 
sources, but no serious attempt would stop short of all groups 
suggested. 
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Biesterfelp, C.H., J.Pat.Office Soc., 2, 598-608 (1919). A digest of 
cases on the breadth and scope of chemical claims. 

Carr, W.G,, Elect J., 21, 435-8 (1924) Enforcement of Patent Rights. 

.Fenning, K., Ind.Eng,Chem., 25, 343 (1933). Discusses employer- 
employee relations. • 

Ullrigh, A., Angew.Chem., 46, 537-8 (1933). The granting and annul- 
ment of patents. 

Sadtler, R.E., Ind.Eng.Chem., News Ed., 10, 133 (1932). Canadian 
Patent laws and praetice for the chemist. Cf. MacRae, J.Soc.Chem.Ind., 
39, 176R (1920). 

Burgess, L., Chem.Met.Eyig., 36, 83-4 (1929). What Constitutes 
Invention?; pp. 158-60, Protecting Ideas through Patents and Litigation; 
pp. 728-9, “Wlien Should You Apply for a Patent?” 

McElroy, Ind.Eng.Chem., 608-9 (1929). “Elements in Patent 
.Law.” 

Proctor, J.H., 21, 243-7 (1924). Abandonment. 

Van Doren, L., J.Che7n.Educiition % 123-8, 536-40, 966-72 (1929). 
What the Chemistry Student Should Know about Patent Procedure. The 
first part is historical; the second discusses the Patent Office personnel and 
gives a bibliography; the third, and best from the standpoint of this dis- 
cussion, covers the preparation of a patent application. 
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Motjlton, A.B., Jnd,Eng.Chem.i News Ed.^ 6, 7 (1928). Basic require- 
ments of a patentable in vention. 

Potts, H.E., Cheniisiry Industry, 636-43, 664-8 (1928), Patents 
in Colliod Chemistry. 

Thomas, E., hid.Eng.Chem., 19, 176-80, 315-7, 426-9 (1927). Outlines 
law of chemical patents. 

Ehbhabbt, E.F., J.Soc.Dyers Coloitrists 42, 17-23 (1926). Patent law 
in the dyeing industry, 

Toulmin and Hby-wood, Chem.Met.Eng,, 32, 157-8 (1925). Consider 
patentability of ideas and possible infringement. 

Baerows, P.E., 15, 80-1 (1923). Patent right. 

Mastigk, B.O,, hid.Eng.ChetJi,, If 789-97, 874-82, 984-91, 1071-81 
(1915). A series of lectures on patent law in chemistry, 

OFFICIAL LITERATURE 

United States^ 

The Official Gazette of the United States Patent Office, 1872- , 

published weekly on Tuesday. 

Index of Patents,” published annually under this title since 
1920 (see entry folloiving). There is also an Inde^x, in 3 vols., 
covering the period 1790-1873. It was published in 1874. 

^^Aunual Report of the Commissioner of Patents,” published 
annually, 1836- . In addition to statistical information 

this report contains the Annual Index down to 1926. 

'^Decisions of the Commissioner of Patents and of the United 
States Courts in Patent and Trade-mark and Copyright Cases,” 
published annua-Uy. Compiled from the individual issues of the 
Official Gazette for the year. Under each case cited are given 
the points involved, a discussion, and the decision. There is a 
‘^Digest of Decisions” at the back. The discussions are often 
very informative as to the present state of tlie art. Patent 
Office practice is clearly exemplified by thevse concrete examplcvS. 
The Digest ” is particularly useful as a subject index. (Note. — 
There is a Decision Leaflet” which contains the decisions 
printed in each issue of the Official Gazette. It is obtainable 
from the Government Printing Office.) 

Manual of Classification of Patents: — 1929,” loose-leaf 
for the insertion of revisions which are occasionally made. 

^ With the exceptions noted, the books in this subdivision may be obtained 
from the Superintendent of Documents, Government Printing Office, 
Washington. 
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^^This Manual is an iiistrumeiit for use in searching classified 
United States patents. It comprises lists of classes, class and 
subclass schedules, and an alphabetical index of all class and 
subclass titles. The classification is designed to aid an investi- 
gator to locate a means of the useful arts when he knows its 
essential characteristics, whether or not he is familiar with the 
name or names by which it may be called, . . , The index is 
designed to enable anyone to locate the place in the classification 
of any means named in the subclass titles. The index is useful 
for search purposes only wdien the name by which the investigator 
knows any art or instrument is the name applied in the classifica- 
tion titles,^^ 

When using this manual one should also consult the “ Defini- 
tions of Revised Classes'' and the semiannual “Classification 
Bulletin.'^ 

The following three pamphlets may be obtained free by 
applying to the Commissioner of Patents, Washington: 

“Patent Law^s.” 

“Rules of Practice in the United States Patent Office." 

“General Information concerning Patents." 

Under authority of the Commissioner of Patents, at various 
times, indexe.s of foreign patents have been published. The 
following are typical: 

“Subject-mattei’ Index of Patents for Inventions (Brevets 
dTnvention) granted in France from 1791 to 1876," 
in 1883. 

“Subject-matter Index of Patents for Inventions 
di privative industriali) granted in Italy from 1848 to May 
1882," published in 1885. 

Great Britain b 

The Official Journal (Patents) 1SS9- . Published weekly 

on Wednesday. Price £2 per annum. The wmrd “Illustrated" 
was dropped in 1931. 

1 The books in this subdivision are published at the Patent Office; 
Southampton Bldgs,; Chancery Lane, London, W.C. 2, England, “ A com- 
plete list of the Patent Office publications can be obtained gratis on 
application.” 
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The Illustrated Abridgements of Specifications in Classes, 
1<S55“1930. For 1865""1908, nine series of 146 vols. each: 
1856-66, 1867-76, 1877-83, 1884-8, 1889-92, 1893-6, 1897-1900, 
1901-4, 1905-8. For 1909-30, four series of 271 vols. each; 
1909-15, 1916-20, 1921-5, 1926-30. 

Abridgment Class and Index Key,^^ 3d ed., 1899, covers 
classification to 1908; 4tli ed., 1910, covers the period 1909-1930 
and the ^^Fifty Years Index.’^ 

“Fifty Yeans Subject Index” 1861-1910.’^ Consists of 271 
vols. based upon the 1910 classification scheme. 

“Guide to the Search Department of the Patent Office Li- 
brary.” 4th ed., 1913 (Patent Office Library Series No. 4). 
Appendix I is “A Concordance to the Patent Classifications of 
England, Germany and the United States.” The references 
cite many bibliographies of patents on special topics. 

“Key to the Classifications of the Patent Specifications of 
France, Germany, Austria, Norway, Denmark, Sweden, and 
Switzerland,” 3d ed., 1915. 

“List of Patents in Force.” Published annually. Grouping 
of the patent numbers is by years down to 1915. In that year 
consecutive numbering was adopted. 

“Name Index.” Vol. I covers the period 1617-1852, There- 
after one volume a year to 1888 when the index was made a 
part of the Official Journal. 

Germany^ 

Patenthlatt^ 1877- . Piiblished weekly on Thursday. 

Printed on one or both sides of the paper. 

“ Auszlige aus den Patentschriften.” 1880- . Published 

weekly on Thursday. 

“ Verzeichnis der vom Roichspatentamt in Jahre erteilteii 

Patente.” Published annually for each year from 1877. Price 
varies. Some of the earlier volumes contain data for more than 
one year. 

“Gruppcneinteilimg der Paten tklassen.” 5th ed., 1932. 

^ Unless otherwise indicated, entries given here may he obtained from the 
ReichvSpatentamt, Berlin SW 61, Gits(dimer Strasse 97-308, or from Carl 
Heynianiis Verlag, Berlin W 8, Mauerstrasse 44. 
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Switzerland^ 

Patent4iste. Published twice a month by Eidg. Amt fur 
geistiges Eigentum, Bern, Switzerland. Patents are classified 
according to a system like that of Germany. 

NON-OFFICIAL LITERATURE 

Worden, E.C., “Chemical Patents Index/' Chemical Catalog 
Co, New York, 1927~>S3. 

Friedlander, “Fortschritte der Teerfarbenfabrikation und 
verwandter Industriezweige/' Julius Springer, Berlin, VoL I to 
XVII. 1888-1932. The first 12 volumes, discussing patents 
issued from 1877 to 1916, were reprinted during 1920-22. 

Brauer and D'Ans, “Fortschritte in der anorganisch- 
chemischen Industrie," Julius Springer, Berlin, 1921- 
Four volumes, totaling 12 pai'ts, describe the patents from 1877 
to 1932. Volume I covers the first 40 years; the other 15 are 
divided equally between tlie remaining volumes. 

Hoitben, J., “ Fortschritte der Heilstoffehemie, Erste Abtei- 
lung: Das deutsche Patentschriftwesen," Walter dc Gruyter Co., 
Berlin, 1926- . Six volumes have been published covering 

the years 1877-1928: Vol. I, 1877-1900; II, 1901-07; III, 1908- 
12; IV, 1913-17; V, 1918-25; VI, 1926-8. 

WiNTHER, “ Zusammenstellung der Patente auf dem Gebiete 
der organischen Chemie," A. Topelmann, Giessen, 1908- 

Wagner, “Jahresbericht liber die Leistungen der chemischen 
Technologie." 1855- . Name varies. This work is divided 

into two parts, inorganic and organic. The “ Paten tregister " 
issued as a supplement to the Jahresbericht lists German patents 
in numerical order for 1878-1924. A second part covers the 
period 1925-34. 

MISCELLANEOUS 

Rossman, “The Law of Patents for Chemists." (See above.) 
Chapter IX is good on searching the literature for prior publica- 
tions. 

^ For a more complete list of countries and publications see: Smith, J.P, 
Ind.Eng.Chcrn., 16, 527 (1924). Patent Reference Sources. 
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Untiedt, F.H. Ind.,Bng.Chem., 21, 689 (1929). A short 
article describing the different types of chemical patent searches. 

Smith, J.F., Chem.Met.Eng., 3i, 160 (1927). Patent Literature 
as a Source of Information. 


Ephraim, J., Angew.Chem., 39, 1429 (1926). Patentability 
01 intermediates. 

Marx, C., Chem.Age (N.Y.), 31, 398 (1923). Chemical 
patent searches. 

Barrows, F.E., Chem.Met.Eng., 24, 423, 477, 617 (1921). 
General data on chemical literature including patents. Also 
published as a thesis from Armour Institute, Chicago. 

Dannerth, F., Chem.Met.Eng., 24, 397-9 (1921). Legal and 
official chemistry. 


Ephraim, J., Angew.Chem., 31, 241 (1918). Patentability of 
analytical methods. 

HiIjIj, E.A., J .Am.Chem.Soc., 32, 416— S (1912). Describes 
the card index to chemical literature in the U.S. Patent Office. 

Gregory, “Serial Publications of Foreign Governments, 1815- 
1931,” H. W. Wilson Co., New York, 1932. Gives official patent 
literature of various countries and indicates U.S. libraries 
having same. 

Browne, C.A., Ind.Eng.Chem., 18, 884-92 (1926); Hamor and 
Bass, ibid., 23, 10—14 (1931). Chronological tables of important 
events in the history of industry chemistry in America from 
1557 to 1930. Cf. Haynes, Williams, “Men, Money and 
Molecules,” Doubleday, Doran & Co., Garden City, N.Y., 1936, 
On pp. 187-214, under the title “American Chemical Chron- 
ology,” will be found a table covering the period 1608-1935. 





GOVERNMENT PUBLICATIONS 


By a fiction as remarkable as any to be found in law, 
what has once been published, even though it be in the Rus- 
sian language, is usually spoken of as %nown’ and it is 
often forgotten that the rediscovery in the library may be a 
more difficult and uncertain process than the first discovery 
in the laboratory f' Lord Rayleigh 

A government publication is any book, pamphlet, circular, or 
map issued by, or at the request of, a public agency and supported 
by public funds. The form is immaterial It may range from 
a bound report of a congressional investigating committee to a 
mimeographed sheet distributed by some city health department 
and may or may not carry the imprint of the Government 
Printing OflSce. 

Sources 

Depending upon the source, three major groups of government 
literature appear: federal publications, state documents, and 
official papers of lesser organizations, such as counties and cities. 
Within each group there can be subdivisions. The larger the unit 
the more likely they are to be present. Our federal government, 
being the largest entity, naturally is the most complicated and 
important. In fact, the Government Printing Office is the 
largest publishing house in the world. It issues over two 
million items each year. (Within the national organization 
the Department of Agriculture is responsible for the greatest 
number of publications.) State documents, while valuable 
in their various fields, do not include many of importance to the 
chemist. The same is true of the smaller geographical units. 
Attention will be devoted, therefore, only to national publications 
which, although most abundant in the fields of iiidustiy and 
technology, also contain a great deal on science. 

FederaLorganization 

Our federal government is divided into three branches: the 
legislative, executive, and Judicial Each of these is subdivided 
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again and again. The executive branch, under the direct super- 
vision of tlie President, contains ten departments (State, Navy, 
Treasury, War, Interior, Agriculture, Justice, Commerce, 
Postoffice, and Labor), the Budget Bureau, and a number of 
independent institutions such as the Library of Congress, 
National Academy of Science, Smithsonian Institution, and 
Tariff Commission. Each one of these has its own internal 
structure, the whole conforming more or less closely to the 
following outline: 

Executive branch 
Departments 
Bureaus 
Offices 
Divisions 
Sections 
Boards 

Commissions 

Surveys 

Services 

Every one of these groTips is potentially or actually the source 
of a report, bulletin, pamphlet, circular, or separate, perhaps a 
series of them. In addition, a number of the groups issue 
periodicals, e.g., the Bureau of Standards Journal of Research 
which appears monthly. 

A more detailed discussion of the organization of our federal 
government would be out of place here, particularly in view of the 
fact that changes are frequently being made, so that what is true 
today may not be correct tomorrow. The essential point for 
anyone engaged in bibliographical work is that only by knowing 
about the various divisions, their duties and obligations, can a 
decision be reached as to whether or not anything of a chemical 
nature might issue from a particular source. It is necessary, 
also, to watch constantly for special commissions and their 
activities, especially the latter, because titles may reveal nothing.’- 

1 The writer has at hand a copy of Hoim of Representatives DocAiincnt No, 
1110 by the President’s Commission on Economy and Efficiency issued in 
1912. This book is a ^Tleport of the Investigation of the United States 
Patent Office.” It contains an excellent survey of the activities of that 
Office and includes under Appendix K” a complete description of the 
^Tndex to Chemical Literature,” a very valuable piece of work. 
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Once the type of work of any department is known, it is not 
difficult to watch for its publications. In many cases bibliog- 
raphies are issued at intervals to all who request them. Fre- 
quently one can have his name put on the mailing list for “all 
literature ” on a particular subj ect. This latter system, however, 
is not so common as it was a few years ago, because the present 
tendency is to abolish free distribution wherever possible. 

Indexes 

The Government Printing Office was established in 1861. 
Subsequently (1895) the Documents Office under the direction 
of the Superintendent of Documents was created and assigned 
the duty of acquiring copies of all publications not confidential 
and holding them for sale at a small fraction above the cost of 
printing. He was also given three other re,sponsibilities involving 
the preparation of indexes to government publications. These 
are undoubtedly the most valuable guides to federal documents. 

“Document Catalog,” 1893- . 

This is a comprehensive index of all documents specified in 
the printing act of Jan. 12, 1895— a straight dictionary 
catalog with authors, titles, and subjects all in one alphabetical 
list. The various governmental units are treated as authors. 
Titles are given exactly as as they appear on title pages. 
Explanatory notes regarding series, contents, etc., are included. 
While it is true that accuracy and completeness in such an 
index are time consuming, for a number of years the Catalog 
has been somewhat tardy in appearance. It is now available 
to June 30, 1933. 


‘Document Index,” 1895- . 

Frequently called the “Consolidated Index,” this is a com- 
prehenfsive list of congressional documents. It is issued for 
each ses.sion of Congress but is of little value to the chemist, 
not only because of the subject matter covered but also owing 
to the fact that only four libraries (Congressional, House, 
Senate, and Documents Office) receive the complete bound 
sets of the congressional series. 
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Monthly Catalog/^ 1895- 

The full title is ^'Monthly Catalog, United States Public 
Documents (with prices).” Its purpose is to ^'show the 
documents printed during the preceding month, where obtain- 
able and the price thereof.” It is arranged alphabetically 
by issuing divisions, some^ of which are: 

Agriculture Department 
Chemistry and Soils Bureau 
Food and Drug Administration 
Civil Service Commission 
Commerce Department 
Census Bureau 

Foreign and Domestic Commerce Bureau 
National Bureau of Standards 
Patent Office 
Court of Claims 

Court of Customs and Patent Appeals 
Interior Department 
Geological Survey 
Mines Bureau 
Smithsonian Institution 
War Department 
Chemical Warfare Service 

Mimeographed material and Patent Office specifications 
are not included. An index to the Catalog is issued annually. 
Until recently it was prepared for the period July 1 to June 30 
but now covers the calendar year. Entries are by subject, 
series title, or individual title (if distinctive), issuing division, 
and personal author. The Catalog is free to public libraries. 
Individuals may subscribe for it at $1 a year. 

In addition to the foregoing guides, the Documents Office 
also issues a ^'Weekly List of Selected United States Government 
Publications for Sale by the STiperintendent of Documents,” 
Each list is arranged alphabetically by subjects, with annotations 
and prices. There is also a number of Price Lists” on special 
subjects, among them the following: 

1 This is only a partial list given to show the method of arningement. To 
find material issued by the Bureau of Standards, first look for the heading 
Commerce Department, then the subheading ^‘National Bureau of 
Standards.” 
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36, Government Periodicals 
46. Agricultural Chemistry 

55. U.S. National Museum , . . National Academy of Sciences. Smith- 
sonian Institution 

68. Mines. Mineral Resources ... 

62. Commerce and Manufacturing. Foreign Trade, Patents . 
Dyestuffs 

70. Census Publications 
75. Federal Specifications 


These listvS are sent free to all who apply for them. 

Should the need arise to search the earlier federal literature 
the “Checklist of U.S. Public Documents, 1789-1909/' will 
be helpful. The third edition^ of this work, issued in 1911, is 
practically a >shelf list of the public documents library in the 
office of the Superintendent of Documents. It covers 1,700 
pages and comprises Vol I of the Key. Volume II has not been 
issued. “For exactness and accuracy, admirable system, and 
completeness, it is a model of its kind ... no other nation 
in the world . . . can show for its government publications 
anything to compare in excellence and value."^ 


Divisional guides 


Turning to the departments and bureaus, a cursory search will 
reveal many guides to their publications— so many, in fact, 
that only a suggestive list can be attempted. Almost every 
publishing division issues, at intervals, catalogs of its own 
publications, which are complete or which show those available 
for distribution. A few examples are: 

Agriculture Department 

The Publications Division issues a “Monthly List of 
Publications." It also has several others, 6.^., Bulletin 
No. 6 covering titles from 1840 to 1902 and Miscellaneous 
Publication No. 9 for the period 1901-25. Tn 1929 it issued 
an index to Bulletins No. 1-1500. There are also volume 
indexes for each 25 bulletins beyond No. 250; cf. “Publica- 
tions of the U.S. Department of Agriculture and How They 
Are Distributed," Giro. No. 6 (1922). 

^ A list of errors in this edition will be found in the Monthly Catalog for 
May, 1912, pp. 720-1. 

^ Italy may be considered a rival for this honor. 
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Commerce Department 

The Publications Division issues a monthly and annual 

“List of Publications.” 

Geological Survey 

There is a 221 page “List of Publications.” 

Mines Bureau 

It issues a “Monthly List” covering: I, Sales Publications; 
IIj Free Publications. In 1929 it published a “List of Pub- 
lications, 1910-29” with a subject and author index. 

National Research Council 

Publishes a list of its bulletins, reprints, and circular series. 
Smithsonian Institution 

.There is a classified list of publications available for dis- 
tribution (cf. No. 2434). 

Standards Bureau 

Issues a monthly list of current publications. It also 
has published Circ. No. 24, “Publications of the Bureau of 
Standards, 1901-25 ” 7th ed., 1925, 271 pp. This has a 
subject index. There is a “Supplemental List, 1925-30,” 
containing a subject and author index. 

Acquisition 

One of the serious difficulties encountered in the use of govern- 
ment documents is that the same subject matter may be issued 
in several different forms, e.g., as a “separate” unbound, as 
part of a bound annual report, as part of a bound or unbound 
special report. Consequently when any particular item is 
being sought the first thing to do is to secure as much information 
about it as possible, especially the date of issue, source or author, 
type of publication, and number. The Monthly Catalog gives 
directions for finding any document entered. 

In general, there are three ways of securing national literature: 
directly from the bureau of issue; from a congressman; or from 
the Superintendent of Documents, Government Printing Office, 
Washington. The last source has nothing for free distribution 
except price lists; the other two frequently have a large quota 
of complimentary copies. Whenever a particular publication 
is no longer available from either of these agencies it may be 
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found at the nearest “Depository Library”i of which there are 
about five hundred. This source failing, the search should not 
be abandoned until the various forms (see p. 256) of publication 
have ail been considered. Information concerning them can 
usually be obtained from the office of publication. 


State Documents 

“Monthly Check List of State Publications,” Government 
Printing Office, Washington. In 1910 the Library of Congress 
began to issue a periodical record of new state documents 
currently received. All state publications, even legislative 
bills, press releases, and mimeographed issues, in so far as 
available, are listed in full detail. 

A number of individual states have prepared check lists of 
their publications, e.g., California, Minnesota, Wisconsm. 


Foreign Documents 

Gregoby, “List of the Serial Publications of Foreign Govern- 
ments,” H.W. Wilson Co., New York, 1932. This is arranged 
alphabetically by country with subdivisions by departments. 
Material on Russia is in a separate section at the end. Like, 
the “Union List of Serials” this book shows the holdings of 
each publication in some 85 United States libraries. 

SHORT LIST OF GOVERNMENT PUBLICATIONS 


The following brief list has been prepared to indicate the 
wide variety of publications issued by governmental divisions and 
to suggest likely sources for various data. 

^ A Depository Library is one to which, by law, the Superintendent of 
Documents must send all or certain publications of the national govern- 
ment. Each representative may select one library in his district, and each 
senator and delegate one in his state or territory. In addition, certain 
libraries have been designated by special acts. The libraries of all land- 
grant colleges are depository libraries. Apparently it was intended origi- 
nally that depository libraries should receive all government publications. 
Later they were permitted to specify the types of documents to be sent. 
Thus we now have very few receiving everything published. Instead, there 
are special designations such as Geological Depositories and Patent Gazette 
Depositories. 
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Agricultural 

Chemistry 


Alcohol 


Analysis 


Babbitt 


Bibliography 


Business 


Coal Tar 


Geochemistry 


U.S.D.A. Experment Station Record. A monthly publica- 
tion covering the accomplishments of the various agricul- 
tural experiment stations. This will help to locate 
“Experiment Station^’ bulletins. U.S.D.A. Journal of 
Agricultural Research, (semi-monthly). Contains articles 
of interest chiefly to the biochemist. 

Census Bureau, Current Industries Reports, “Acetate of 
Lime and Methanol. Appears monthly giving tables of 
production, shipments, and stocks. 

Mines Bureau, Bull. 212 (1923), “Analytical Methods for 
Certain Metals (Ce, Th, Mo, W, Ra, U, V, Ti, Zr). 
Hygienic Laboratory, Bull. 151 (1928). “Studies on Oxida- 
tion-reduction Nos. 1-10.'' The work of Clark, et al. 

Census Bureau, “Babbitt Metal." A monthly report of 
consumption. 

National Research Council, “Bibliography of Bibliographies 
on Chemistry and Chemical Technology," by West and 
Berolzheimer. Bull, 50 (1925), 71 (1929), 86 (1932). 

Smithsonian Miscellaneous Collection, “Select Bibliography 
of Chemistry," by H.C. Bolton, Vol. I, No. 850 (1893), 
covers the period 1492-1892 and includes Bibliograpliy, 
Dictionaries, and Tables, History of Chemistry, Biography, 
Chemistry Pure and Applied, Alchemy, and Periodicals. 
The first supplement, No. 1170 (1899), covers the period 
1492-1897; No. 1253 (1901) includes only “Academic Dis- 
sertations, 1492-1897." The second supplement, No. 
1440 (1904), covers all eight sections for the period 1492- 
1902. This is a very valuable guide to the earlier literature. 
Foreign and Domestic Commerce Bureau, Survey of Currerii 
B^isiness, Appears monthly. There is a weekly supple- 
ment. 

Idern.i Chemicals Division, Woild Trade Notes on Chemicals 
and Allied Products. (Weekly). 

Mines Bureau, Information Circ., I.C. 6155 (Mar. 1935), 
“Clay." 

Census Bureau, Current Industries Reports, “Clay Products 
Industries." Published annually. 

Mines Bureau, Reports of Investigations, R.I. 3171 (April, 
1932), “Analytical Distillation of Coal Tar." 

Foreign and Domestic Commerce Bureau, Chemical Divi- 
sion, “Imports of Synthetic Dyes." Periodic reports. 

Tariff Commission, “Report of Census of Dyes and Other 
Synthetic Organic Chemicals." Annual publication. 
Geological Survey, “Data of Geochemistry," by F.W. 
Clarke. There have been several editions of this document. 
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Helium 

liistory 

Ink 

Manganese 

Meteorites 

Mica 

Minerals 


Paint 

Paraffin 

Patents 

Periodicals 


Mines Bureau, Information Giro., I. C. 6745 (September, 
1933) ^Mlelium.’’ 

Foreign and Domestic Commerce Bureau. World Chemi- 
cal Developments in 1933 and Early 1934.’^ (1934) 84 pp. 

Standards Bureau Circ., C400. “Inks.'^ 

Mines Bureau, Information Circ., LC. 6729 (June, 1933), 
^‘Manganese.’' Occurrence, mining, metallurgy, and prop- 
erties. There are many of these circulars, each dealing 
with a different element. 

National Museum Bull No. 149 (1930), “Composition and 
Structure of Meteorites.” 

Mines Bureau, Information Circ., I.C. 6822 (April, 1935), 
“Mica.” 

Foreign and Domestic Commerce Bureau, Trade Promotion 
Series, No. 76 (1929). “Mineral Raw Materials.” 


Mines Bureau. “Minerals Yearbook (1933- ). The 

1935 volume covers about 1,200 pages: Part I, Survey of 
the Mineral Industries; Part II, Metals; Part III, Non- 
metals. It deals with deposits, production, prices, statis- 
tical information, economic discussions, “accurate official 
data on all commercially important minerals,” developments 
and uses. (In 1934 this was a 3.3 billion dollar industry.) 
Census Bureau, Current Industries Reports, “Paint and 
Varnishes.” Semiannual publication. 

Mines Bureau, Bull. 388 (1935), “Manufacture of Paraffin 
Wax from Petroleum.” 

XJ.S.D.A. Bureau of Chemistry and Soils, Insecticide Divi- 
sion, Patent List No. 15 (Aug. 1934). “Compressible 
Insect Powder Dusters.” 

See previous chapter for more extensive bibliography. 
Smithsonian Institution, Miscellaneous Collections, No. 29. 
“Catalog of Scientific and Technical Periodicals, 1865- 
1882.^V The second edition covers the period 1865-1896. 
Standards Bureau, Journal of Researchy 1928- . Pub- 

lished monthly. It is a continuation of the two series 
“Scientific Papers of the Bureau of Standards” and “Tech- 
nologic Papers of the Bureau of Standards.” “Each 
research paper is printed separately in advance and also as 
a part of a monthly number of the Journal.” 

Standards Bureau, Technical News Bulletin. Appears 
monthly. ■ 


Mines Bureau, Mineral Trade Notes. Published monthly. 


Foreign and Domestic Commerce Bureau, Minerals Divi- 
sion, Foreign Trade Notes. Minerals and Metals. Appears 
biweekly. 
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Smithsonian Institiition, Miscellaneous Publication 3171 
(1933), ^‘Smithsonian Physical Tables,’^ 8th ed, compiled 
by Powle (cf. p. 202). 

Mines Bureau*, Peports of Investigations, R.I. 3190 
(November, 1932). “Economics of Potash Recovery from 
Wyomingite and Alunite.” 

Geological Survey, Prof. Paper No. 99 (1917). “Chemical 
Analysis of Igneous Rocks, by H.S. Washington. Gives 
the results of about 8,000 analyses and includes an excellent 
discussion of what accuracy can be expected in such 
work. 

National Research Council, “Handbook of Scientific and 
Technical Societies and Institutions of the United States 
and Canada/’ 1927. 

IT.S.D.A. Chemistry and Soils Bureau, Circ. 139 (1935) 
“Method and Procedure of Soil Analysis.” 

Standards Bureau, Miscellaneous Publications, Ml 30 
(1932), “National Directory of Commodity Specifications.” 

Ideniy M120 (1933), “Standards and Specifications for 
Metals and Metal Products.” 

Idem, MHO (1930), “Standards and Specifications for 
Non~metallic Minerals.” 

Standards Bureau, Circ. Series, C398. “Standard 
Samples.” 

Standards Bureau, “Standards Yearbook.” 1927- 
Statistics Census B\ireau, “ Census of Manufacture.” Issues printed 

pamphlets on the more important industries. These appear 
not later than July of the year following tlie census. 

Foreign and Domestic Commerce Bureau, Chemical Divi- 
sion, “World Trade Notes on Chemical and Allied 
Products.” 

Steel Mines Bureau, Reports of Investigations, R.I. 3205 (May, 

1933) “Development of an Electrolytic Method for the 
Determination of Inclusions in Plain Carbon Steel.” 

Standards Bureau, Research Papers, RP 712, “Protective 
Value of Nickel and Chromium Plating on Steel.” 

Census Bureau, Current Industries Reports, “Sulfuric Acid 
and Superphosphates.” (Semi-annual.) 

War Department, Chemical Warfare Service, “Scientific 
and Technical Studies.” A number of bulletins have been 
issued. 

Standards Bureau, Circ. C395, “Zinc and Its Alloys.” 

Geological Survey, Bull. 853 (1935). “Zinc and Lead 
Deposits of Northern Arkansas.” 311 pp. 
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LITERATE REPORTS 

It is surely consona7it with the chemist's sense of accuracy 
that his writing should he exacts and with his sense of form 
that it should he subject to agreed rule and order. His pen 
is for the moment part of his scientific equipment, and to use 
it injudiciously is 7io 7nore excusable than to lack skill in 
the mafiipidation of Ms other apparatus f Anon. 

The chemist is essentially a bench worker, but gathering results 
is only part of his business. He must also keep intelligible 
laboratory records and, from time to time, give oral or written 
reports of his progress. The published accounts of his results 
have been discussed in earlier chapters of this text, but nothing 
has been said about the preparation of such records. Gon- 
sequentl 3 r, this final section will be devoted to some of the 
various types of technical reports and the aids available for their 
composition. 

notebooks 

The anost important and occasionally the most neglected part 
of an experiment is the laboratory record. It frequently becomes 
the only tangible product of an extensive investigation, the only 
source of information for later experiments, or the essential 
evidence of diligence and priority in some patent litigation. 
Gonsequently, to anticipate any future need all research notes 
should meet the following minimum requirements^ 

1. Records should be kept in a notebook, not on scraps of 
paper. The pages should be consecutively numbered. 

2. Entries should be (a) in ink or indelible pencil, (5) unmis- 
takabty identified, (c) dated, and (d) witnessed if sufficiently 
important.^ 

3. When work is begun on a project the first entry should be 
a statement of the problem and proposed mode of attack. 

1 For rcferenceSt see p. 267. 

® The court will not accept an investigators statement without 
verification. 
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4. Sketches should be made of important apparatus showing 
essential parts, connections, and relative size or capacity of 
the elements, 

5. All operating details and variations should be mentioned : 
reagents, temperatures, pressures, time required, yields, etc. 
These data should be complete and not entrusted to the memory 
of the operator. 

6. All calculations, observations, and conclusions should be 
fully recorded. The apparently trivial factor in one experiment 
may be very important in another. 

7. Results should be explained, in spite of the oft heard state- 
ment that figures speak for themselves. 

Oral reports 

The active chemist must expect to discuss his work vdth his 
employer and to give papers occasionally at the meetings of 
colleagues. Success is this field demands a knowledge of public 
speaking — the importance of an adequate introductory orienta- 
tion of one^s audience, how to present data effectively, and when 
to stop talking. A large number of books has been written on 
this subject. Directions for finding them have already been 
given, but even a cursory discussion of their merits is beyond the 
scope of this text. 

Written reports 

The purpose of any report will determine its form and content. 
If written for publication, typical articles in the journal concerned 
and suggestions by the editor should be studied. The general 
arrangement of subject matter and other stylistic details should 
be followed. 

Reports for a chief chemist or other official of an organization 
are usually prepared according to directions supplied by him. If 
they are lacking the following hints may be useful 

Progress report 

When a research project is undertaken, preliminary or progress 
reports are expected at regular intervals. The pui'pose of these 
records is to give a concise and accurate account of what has been 
accomplished, how it has been done, and what remains to be 
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finished at any particular stage of the work. Each report will 
begin with a summary of the results, then give the status of the 
problem at the time of writing, and end with an outline of the 
experiments planned. If the preceding parts have been well 
written the last will require no justification. Two important 
features of the report are an adequate introductory sentence or 
paragraph and a discussion of the significance of the results. 
The report should be typewritten on standard X 11 inch 
paper, dated, signed, and attached to a letter of transmittal. 

Final report 

At the end of an investigation a final report should be prepared 
covering all phases of the work. The first division should be a 
brief summary of the study and the conclusions warranted. This 
may be followed by a detailed statement of the problem, previous 
investigations, method of attack, apparatus used (with sketch 
or pictures), results obtained (graphically shown if feasible), 
observations made, and conclusions. Other details should be 
the same as those in a pi’ogress report. 

Method of analysis 

If sufficiently important the results of a chemical analysis 
should be accompanied by a report covering the following points 
in the order given: object, results, details. The last division 
should reveal the source and identification of the samples, 
method of sampling, analytical procedure, probable accuracy 
of the results, bibliography (cf. References, p. 276). 

Method of preparation 

When asked to search the literature for a method of prepara- 
tion without thought of commercial exploitation, the chemist’s 
report on the selected procedure should cover: 

o. Exact reference to the original article, especially the author 
and year of publication. 

b. Method: 

Reagents, conditions, time, and apparatus required. 

c. Yield: 

Quantity and quality. 


iliji 

Bill! 

RBli 

lilli 


li 


IS 

ii?ii 

ipilisi:; 

lit... 

jiiili 

iiiiii 

ill 

HI 

■ili 


Hi 

liii# 


■ill 


lili 

■Hi 

111 


iliilii’ 

Slip 

IRii 

IHili 


Ilil 






266 


LIBRARY GUIDE FOR THE GHEMI8T 
Commerciai venture 

The beginning and the end of every commercial venture is a 
marketing problem the final answer to which must be a positive 
number if the company expects to remain in. business. Con- 
sequently, the preliminary library and laboratory study of any 
product not previously manufactured by an organization must 
take into consideration: 

а. The method and its patent status. 

б. Raw materials: 

Location, cost, quality, availability. 

c. Manufacture; 

Location of plant, working conditions, equipment, 
steps, costs (heat, power, and .labor), yield, purity, 
by-products and their possibilities, competitive advan- 
tages. 

cL Market: 

Probable demand, stability, loeation, quality required, 
price fluctuations, sales units (ounce, pound, ton), 
coinpetition. 

Composition 

Only a few general suggestions will be made liere concerning 
the question of composition, but there should be no doubt in the 
mind of any student regarding the importaiiee of this topic. 
Daily the demand grows more insist ant for investigators who 
can write reports that are accurate, easy to read, and readily 
understood. 

The object in technical writing is to “convey information not to 
confound the reader.” The primary requisites are a good founda- 
tion in grammar, an ability to spell, and some notion of punctua- 
tion.^ Short sentences and short words are essential to a simple, 
clear, and concise style. It is easy to place words on a line, but 
to write well requires practice. No practice is effective without 
guidance. 

A title should be brief and should accurately describe the 
contents of the article. Sentences must be grammatically 

^ As a simple example note the importance of the hyphen in the following: 
forty one-inch tubes, forty-one inch tulles, forty-one-irnih tubes. 
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correct, properly punctuated, and free from unnecessary wordsd 
Paragraphs must have unity and coherence. Although there 
are disagreements as to style the chemist should choose an 
autliority in good repute and follow his decisions. Results 
can be presented graphically or in tabular form. There are 
rules covering each method. For illustrations line drawings 
are i^^c>re satisfactory than photographs. 

BIBLIOGRAPHY 

Notebooks 

J,C hem. Education 10, 403“13 (1933). Papers presented at a 
Symposium on Notebooks.^’ 

Titles 

GiidgeRj E.W., Science 60, 13-15 (1924). The proper word- 
ing of titles of scientific papers. 

Grammar 

Woolley, E.C., et al.^ “College Handbook of Composition,” 
D.C. Heath & Co., Boston, 3d ed., 1937. 

Jespersen, J.O., “Essentials of English Grammar, ’C Henry 
Holt & Co., New York, 1933. 

Woolley, E.C., “New Handbook of Coinposition,” D.C. 
Heath & Co., Boston, rev. ed. by F.W. Scott, 1926. 

Reed a, lid Kellogg, “High School Grammar,” Charles E. 
Merrill Co., New York, 1900. A standard text for many years. 

Dictionary aids 

Maw^soiv, C.S.O,, “The Roget Dictionary of Synonyms and 
Antonyms/’^ G.P. Plltnam^s Sons, New Y^ork, 1931. Simpler 
to use than “RogePs Thesaurus.” 

Horwull, H,W,, “ Dictionary of Modern American Usage,” 
Oxford University Press, New^ York, 1935. Similar to Fowler's 
“ Dictionary of Modern English Usage.” 

Style:, U 

^UVIaniial of Style,” Uni versit^^ of Chicago Press, Chicago, 
10th ed., 1937. 

^ The hot solution is poured is bettor than The solution is heated and then 
poured. 
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Style Manual of the United States Government Printing 
Office,” Government Printing Office, Washington, 1933. This 
manual costs $1, but there is an Abridged Style Manual” 
vS(dling at 20 cents which contains practically all of the material 
in the larger book except the part of interest solely to printers. 

Wood, G.M., ^^Suggestions to Authors . . . Government 
Printing Office, Washington, 4th ecL, revised and enlarged by 
B;H. Lane, 1935. Price, 15 cents. The ‘^Suggestions UvS to 
expression,” pp. 49-102, should be studied by every writer of 
technical reports. 

Results 

Hoshall, E.M., J .Chem.Education 11, 21-7 (1934). Sug- 
gestions for drawing illustrations of chemical apparatus. 

“Manual on Presentation of Data,” American Society for 
Testing Materials, Philadelphia, 1933. 

Ind.Eng£}iem.<, News Ed. j 9, 185-9 (1931). Suggestions to 
Authors. 

Brinton, W.G., “Graphic Methods for Presenting Facts,” 
McGraw-Hill Book Go., New York, 1914. 

Nomenclature 

Ceank, E.J., 8, 1335-40 (1931). Discusses 

the standardization of nomenclature and gives a bibliography 
of about 30 references. 

Pronunciation 

Crane, EJ., Ind.£?ngr.U/iem., News Ed. y 12^ 202-5 (1934). 
Report of the Nomenclature, Spelling and Pronunciation 
Committee of the American Ghemical Society on the pronuncia- 
tion of about 400 words. 

Manuals 

Stevenson, B.W.j CtEZ., “English in Business and Engineer- 
ing,” Prentice-Hall, New York, 1936. Discu.sse.s “Tlie Research 
Article, Written Report,” .sentence and paragraph structure, 
manuscript, and grammar. 
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Teblease and Yule, “ Preparation of Scientific and Technical 
Papers,” Williams & Wilkins Co., Baltimore, 3d ed., 1936. 
More suitable for the biologist. 

Agg and Foster, “The Preparation of Engineering Reports,” 
McGraw-Hill Book Co., 1935. The elements of report writing 
plus a discussion of the most effective form and arrangement of 
subject matter. 

Rickard, T.A., “Technical Writing,” John Wiley & Sons, New 
York, 3d ed., 1931. Contains many valuable suggestions. 

Almack, J.C., “Research and Thesis Writing,” Houghton 
Mifflin Co., 1930. A textbook on the principles and technique of 
thesis writing for graduate students. 

Reeder, W.G., “How to Write a Thesis,” Public School 
Publishing Co., Bloomington, 111., revised ed., 1930. 

Gaum and Graves, “Report Writing,” Prentice-Hall, New 
York, 1929. 

Watt and McDonald, “Composition of Technical Papers,” 
McGraw-Hill Book Co., 2d ed., 1925. 

Allbutt, T.C., “Notes on the Composition of Scientific 
Papers,” The Macmillan Co., New York, 3d ed., 1923. 

Good, W.R., “An Introduction to Thesis Writing,” Ann 
Arbor Press, Ann Arbor, Michigan, 2d ed., 1937. 

Schmitz, R.M., “Pi-eparing the Research Paper,” Richard R. 
Smith, New York, 1933. 

Zeisbeeg, F., “Reports and Report Writing.” This is an 
excellent article, to be found in Perry’s handbook. (Perry, 
J.H., “Chemical Engineers’ Handbook,” McGraw-HiU Book Co., 
New York, 1934, pp. 2622 et seq. 

Miscellaneous 

Benbow, J., “Manuscript and Proof,” Oxford University 
Press, New York, 1937. Considers the preparation of manu- 
script for the printer and the handling of proof. 

Thomas, E., The Cfcmfsf 9, 40-8 (1932). Vivid Technical 
Reports. Contains good suggestions about the elimination of 
useless wordfs. 

Ball, C.R., ibid., p. 769. Obligations of the Scientist. 
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NoBTOx^r, F.H., Sd\M(ynthly 11, 548-54 (1920). The Art of 
Writing Scientific Reports. 

COMPILING A BIBLIOGRAPHY 

The facts in a report are based npon personal experience and 
information gleaned from the literature. Of course all help 
should be acknowledged. In addition, contradictory as well 
as favorable evidence should be indicated. The references may 
be scattered throughout the text, placed as footnotes, or gathered 
ill a list at the end of the article. In either case, the group of 
citations is called a “bibliography” even though no books are 
included. This apparent misuse of the term is sanctioned 
because the greater part of scientific information is now published 
in journals. The accepted working definition of a bibliograpliy 
is, therefore, a (ckivssified) list of authorities on any theme. 

Purpose 

It is not to lie inferred that a bibliography is compiled solely 
to accompany a report. Many are published independently^ 
and a much larger number is assembled for personal use. In 
the latter case, if a specific research problem is involved, some 
investigators cjuestion the wisdom of consulting the literature 
before the preliminary experimental work has been finished, 
because reports of failure b^^ others might result in abandonment 
of the idea without a trial. Another group believes that a 
personal file of data represents time \vasted, because a good 
abstract Journal is a better bibliograpliy than any individual can 
prepare. Regardless of opinions respecting these points there 
is no question about the necessity for compiling bibliographies 
(a) to secure a composite viewpoint, (5) to reveal problems for 
investigation, (c) to aid in directing research through knowledge 
of what has been done, (d) to obtain suggestions regarding 
technique, (c) to disclose the state of the art, (/) to support or 
oppose a belief, or {g) to avoid controversy. 

Essentials 

A bibliography must be full, accurate, consistent, adequate, 
and well arranged. A full list is one that contains all pertinent 
references of importance. The narrower the subject the greater 
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the effort should be to secure completeness. To insure accuracy 
or exactness, it is necessary to verify each reference and effectually 
identify every .source. Consistency demands a standard .style 
which shall be the same throughout the list for references of the 
same kind. Adequacy involves two factors: time and .subject 
matter. In careful work, where priority is involved, not only 
the year but also the date received and date published should 
accompany an article reference; for patents the date of applica- 
tion and the date granted are required. Entries should not be 
made with the expectation of returning to the source at a later 
date. All essential points .should be recorded at one time. 
In an extensive list the arrangement must help the searcher to 
find any de.sired reference. Finally, there should be no illusion 
about any bibliography; in reality, it is never finished and is 
always more or les,s defective. This may be interpreted as a 
challenge to the compiler and as a note of caution to the user. 


Scope 


The scope of a bibliography i.s largely dependent upon its 
pin-pose, the ability of the searcher, and the library facilities. 
A complete list i.s usually the work of years. A partial roll 
may be limited as to subject, time, language, country, and type 
of publication (book, pamphlet, article, patent, public document, 
etc.). 


Equipment 

Large industrial corporations usually have forms to be filled out 
and filed according to a definite scheme. When the chemist plan.s 
his own system he must select the equipment. A loose-leaf 
binder^ is useful for short investigations, but for longer studies 
or a permanent record the addition of index tabs, envelopes, 
or file pockets will be necessary. Heavy manila envelopes are 
particularly suitable because there is amide space on the outside 
for contents notes, and the paper mil withstand considerable 
han dlin g, File pockets, plus a cabinet, make an excellent 
repo.sitory but are more expensive. If the collection is not to be 
moved frequently the use of card-index cards is generally mo.st 
satisfactory. The size should be standard, 3 X 5, 4 X 6, or 

1 Many chemists use the Lefax system. 
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5X8 iiiches, depending upon the amount of space required* 
The cards should not be too thin or too heavy; about 40~pound 
stock is preferred by many people, although material twice that 
weight is occasionally desired. Good bond waiting paper is 
suitable for the larger sizes of cardKS. The paper must be cut, 
not torn, to the right dimensions. Printed forms are useful 
but not essential; Fig. 4 indicates a possible arrangement. 
Finally, the color and cut of guide cards require some considera- 


Original Journal Vol. , 


Abstract Journal..— ! Vol.„. pp.„„_ 

Summary, 


Fig. 4,— Form for printed index cards. 


tion. One scheme employs pink cards, cut two^ for main head- 
ings; and yellow cards, cut five for subheadings. 

No system should be hastily adopted. Acquaintance with 
the possibilities, a little consideration of future needs, and 
sensible planning will help to establish a system of real value and 
avoid an exasperating confusion of miscellaneous forms. 


If a bibliography is compiled for publication in a specific 
Journal, at the beginning tlie style employed in current issues of 
that Journal should be adopted with respect to placement, order, 
and abbreviations. This eliminates subsequent editing and 

^ This means that the tab at the top oc<'.\ipieB onedialf of the length of 
the card. 
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time wasted in re-searching for data that could have been 
obtained during the initial reading of the sources. 

When the writer is free to adopt his own style he should not 
put references in the text as hurdles for his readers. A list 
at the end of the article is more desirable if adequately keyed to 
the text. 

As previously stated, citations must completely identify the 
original publication. In addition there may be a summarizing 
annotation or a diiect (quotation of the statement involved. 
For a personal collection the entries and order suggested in Fig. 4 
are deemed suitable. Book references will include the publisher, 
his location, the edition, and date in place of the ‘'Original 
Journal'^ entry. 


Compilation 

The method of procedure should be systematic, logical, and 
orderly. After a subject has been selected, if nothing is known 
about it there is, perhaps, no better way to begin than by care- 
fully reading the most comprehensive work on the topic. ^ An 
outline, as detailed as possible, of the main divisions and sub- 
divisions of the field can then be prepared to serve as a list of 
search headings and for the orderly filing of data. Next, make 
a rapid survey of the literature to disclose an up-to-date biblio- 
graphy or to reveal an old one that can be quickly expanded to 
meet the needs of the problem. For such examinations, start 
with a bibliography of bibliographies. Later, if necessary, 
inspect the following in the order mentioned; encyclopedias, 
annual reports, reviews, indexes of abstract journals. If no 
bibliography is found, prepare from the outline a detailed, alpha- 
betical list of search headings, including synonyms^ antonyms, 
related subj ects, and more general topics. Also make a roll of the 
active wmrkers in the field as soon as possible. Then search the 
latest annual index of Chemical Abstracts or the Zentralblatt for 
each author and subject heading. Whenever one of these is 
found, note the accompanying page number. When the end of 
the index has been reached, the recorded page numbers should 


^ It is a waste of time to start compiling a bibliography on an indefinite 
subject because there will not be adequate criteria for iiicluding or excluding 
any material. 
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be in numerical order on one card or sheet* Lay this aside and 
scan the next preceding index. As soon as the cumulated indexes 
are encountered, the annual volumes may be disregarded/ 
but the use of a different card for each year of the journal should 
be continued. • 

The indexes having been examined, arrange tlie cards in 
volume number order and scan each page for the abstract cited 
in the index. If the abstract indicates that the original article 
contains pertinent data an index card (Fig. 4) is filled out except 
for the summary. 

After all abstracts cited have been considered arrange the index 
cards in a ^'finding order/ ^ grouping the references to each journal 
separately and chronologically. Read each journal article and 
summarize it on the proper card, organizing the notes in a 
definite order. If desired, a photostat or filmstat copy of the 
article, or any portion, can be made a part of the record. 

Finally, it is understood that some system of checking will be 
adopted to insure completeness. For example, one abstract 
journal should be compared with another, and in the case of 
book titles the United States Catalog and corresponding foreign 
publications must be searched. Ultimately a stage is reached 
when almost ail of the literature will have been examined. To 
secure the remainder may be very difficult and perhaps not 
worth the extra effort. 

Arrangement 

A short bibliography of twenty to fifty entries may be arranged 
alphabetically by authors, chronologically according to date of 
publication, or in the order in which the authorities are mentioned 
in the article. For reference guides, connecting subject matter 
with authority, a number of devices are in use: (a) small, superior 
numerals or letters; (6) parenthetic numbers or letters on the 
text line; (c) author’s name, with or without the date of his 
publication, in parenthesis after the citation; etc. 

An extensive collection of references wHl be of little value if 
authors^ names form the only key to its contents. In spite of the 
fact that this is the commonest system it is gem^rally the least 
useful. A chronological order is almost as unsatisfactory, 

^ This syvstein may be reversed, of course. 
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although it does emphasize the historical development of the 
subject. Title, or regional or source arrangements are seldom 
encountered in chemical literature. One is almost forced 
therefore, to adopt a subject classification because it is the most 
effective and economical. Since eflhcient indexing is an absolute 
necessity careful attention must be given to that phase of the 
scheme. Depending upon the complexity of the problem, some 
of the following procedures may be of service, for it is always 
easier to adapt a tested method than to create one. 

One of the best known systems for the arrangement of notes, 
clippings, etc., is the Dewey Decimal Classification. As it 
stands, however, it is not sufficiently detailed for the chemist. 
Consequently, the Brussels, or International, expansion is more 
useful. According to the latter scheme, a subject heading is 
selected for each item to be filed. This heading is then found 
in the '^Relativ Index'' or outline, and the number assigned 
there is placed on the item, thus giving it a location in the col- 
lection. The difficulty with this method is that usually more 
than one subject heading will be applicable. For a public 
collection it may be advisable to enter a copy under each one, 
but for a private compilation the best heading should be selected, 
and cross reference cards used for the others. 

Another method is to follow the sub j ect-index arrangement of 
Chemical Abstracts, This has the same impediment mentioned 
ill the preceding paragraph. The Zentralblatt uses a subject 
classification plus alphabetical grouping within each subdivision. 
The “Reader's Guide to Periodical Literature" follows the same 
plan and also includes author entries. It should be noted that 
there are two possibilities with each one of the three systems: 
(a) The items may be filed in the order of appearance of the 
entries in the index, or (6) they may be numbered and filed 
consecutively to be located when needed by means of a guide. 
Of course a card file must be used for the index to permit the 
insertion of entries wherever necessary. 

A filing system recommended by McClung and McCoy 
requires a set of master and of subject cards. Each master 
card has on it a complete summary of one article, book, or patent 
and Is filed alphabetically by author. A subject card is prepared 
for every subject on each master card. The subject card has 
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only a heading and the author’s name. When filed alphabetically 
according to the heading the card becomes the key to the master 
card on which the subject is discussed. The scheme is simple 
and eliminates considerable duplication. It may be improved 
by the judicious use of red ink on the master c*ards. 

When the data are all in one division of chemistry a very good 
vscheme is to use a comprehensive textbook in that field as a 
key. In qualitative analysis a copy of McAlpine and Soule’s 
“Qualitative Chemical Analysis” may be employed. Each 
entry of the file is arranged in the same order as the subject is 
discussed in the text and coded with the page number on which 
the subject appears. The index of the book will then show where 
to find any card, since the page number in the index and the 
card number in the file are identical. If the bibliography is 
confined to one element the classification in Gmelin’s “Hand- 
buch” may be useful. Riehter’>s “Lexikon” can be utilized for 
organic compounds, Hoffmann’s “'Lexikon” for inorganic, 
and data on dyes may be keyed to Rowe’s “Colour Index” or 
Schultz’s “Farbstoff-tabellen.” Other books will also be found 
useful for this method. It makes little difference %vhieh one is 
chosen if the cards in the file can be quickly located when needed. 
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Arrangement 
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with author and title indexes. A bibliography of nine references is included. 

McClung and McCoy, ihuL^ 81, 461 (1935). A S 3 ^stem for a subject 
reference file. 

Sy, A.P., J Hhein.Echicaiion 11, 521-2 (1934). Suggests filing small 
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Merrill, M.C., Science 71, 38-9 (1930). What is the best s^^stem of 
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topical outline, tlien the bibliography with abbreviations, then a summary" 
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SciiEPLAN, L., J.Chem. Education 8, 779-823 (1931). Index to Book 
Revi(3ws ill 1930. 
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Ambler, H.R., 182 
Ambronn, 188 
A.A.A.S., Directory, 33 
prize, 32 

Am. Chem. Soc., award, 32 
Directory, 33 
monographs, 86, 88 
American Chemistry, 83 
Am. Gas. A>ssocn., 182 
Am. Institute, medal, 32 
Am.J.Sci., 37 

American Men of Science, 29 
A.P.L, 161, 183 
A.RH.A,, 179 






...lliiv 

■siir 

■HP 


'''''''''' 


iii* 


rMZ 


liilS 


ilii 


lilll! 




IBlii: 

iiillf 




Will 


Ilii 




li 


liiiiii* 





282 


LIBRARY GUIDE FOR THE CHEMIST 



A.S.T.M,, 179 
allo5i's^ 168 
Animines, 109 
Analysis, lOS-lSS 
Analyst, 37, 166 
abstracts in, 74 

Analytical chemistrj", 163-183, 258 
conductometric, 167 
Journal of, 165 
journals, 165-“166 
mathematics in, 167 
methods of, patentability, 249 
for rare metals, 258 
monographs, 166-167 
official methods of, 164, 178 
physical cliemistry in, 166 
restjarch methods in, 167 
special processes in, 177-178 
textbooks, 174 
theory of, 174 
trends in, 167 
volumetric, 175-177 
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abstracts in, 73-74 
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vVnn.phys., reviews in, 78 
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Anschutz, R., 155 
Antimony, detn., 167 
Antonyms, 267 
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Application, patent, 217 
Applied chemistry, monographs, 
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reports, 83 
reviews, 81-84 

Applied Inorganic Analysis, 174 
Appraisal of journals, 45 


Archibald, E.H., 115 
Arendt, R., 117 
Arsenic, detn., 167 
Art, 210 

Assignment of patent, 218 
A.O.A.C., 178 
Aston, F.W., 195 
Atack, F.W., 204 
Atomic Nuclei, 86 
Atomic structure, 203 
of minerals, 87 
Atomic weights, 108 
Auerbach, 108 
Austria, Patent Blatt, 247 
Author, main, 16 
suggestions to, 268 
Author card, 14, 15 
Author entries in catalog, 16-18, 
20-23 

Author number, 7 
Authors, joint, 16 
Awards, lists of, 32 
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Babbitt metal, consumption, 258 
specifications for, 181 
Bailey, D. and K, 99 
Baillidre, Tindall & Cox, mono- 
graphs, 86 
Baker, W., 158 
Ball, C.R., 269 
Balteau, 31 
Bancroft, W.D., 192 
Barnes, 48 

Barnett, E. de B., 86 
Barrows, F.E., 244, 249 
Barth, J. A., monographs, 86 
Bass, L.W., 249 
Bassett, H., 174 
Baud, P., 153 
Bauer, KH., 83, 98 
Bauxite, analysis, 174 
Beckurts, H., 175 
Bedford, C.W,, 161 
Behrens, H., 169 


t 

:| 


1 

i 




Beilsteiii, F.K., 127 
handbook, 127—153 
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coupling compounds in, in- 
organic, 140 
data in, 133-134 
derivatives in, 139, 144 
degrees of, 141 
examples from, 147-153 
functional groups in, 136 
hydrosynthesis in, 144-147 
index compounds in, 143-144 
key to, 129-133 

non-functional groups in, 136, 
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scope of, 128 

substitution groups in, 136, 139 
summary of arrangement in, 
142-143 

Belgium, Brevets d’invention, 247 

Bell, H.S., 161 

Benimw, J., 269 

Bengoiigh, G.D., 87 

Bennett, IL, 101 

Berg, R , 167 

Bergmann, 155 

Ber.,37 

Berl, K, 171 

Beiiinisehes Jahrbuch, 77, 81 
Berolzheimer, 258 
Bertlieim, A., 157 
Berzelius, 77, 81 
Beverages, analysis, 179 
Bibliographia chemica, 69 
Bibliographies, examples of, 278 
of inorganic chemistry, 109 
patent, 241 

of Sohon and Scliaaf, 277 
of U.S. Catalog, 277 
of West and Berolzheimer, 258, 
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Bibliography, aids in preparing, 15 
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of Chemistry, 29 
compiling, 270—278 
of electrometric analysis, 176 
equipment for, 271, 277 
essentials of, 270 
German patent, 247 
of German scientists, 31 
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of pH applications, 177 
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preparation of, 278 
purpose of, 270 
scope of, 271 
style for, 272 
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dictionary of, 31 
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Bismiith, detn., 167 
Blackie & Son, monographs, 86 
Blair, A, A., 182 
Blueher, H,, 99 
Blum, 243 

Bottger, Wm., 166, 167, 168, 177 
Bogue, R.H., 192 
Bolley’s Technology, 89 
Bolton, H.G., 29, 258 
bibliographies of analytical chem- 
istry, 165 
Catalog A, 49 
Chemical So(3ieties, 49 
Select Bibliography, 48 
Book of Standax'ds, A.S.T.M., 179 
Book number, 7 
Book reviews, index, 278 
Books, Catalog of, 277 
lists of, 277 
Borgstrom, 161 
Bost, 161 
Boyd, A. M., 261 
Brady, G,S., 168 
Bratier, 235, 248 
Bragg, W.L., 87 
Branch, G.E.K., 169 
Brass, analysis, 181 
Brauner, B., 108 
Braimholtz, 169 
Bray, W.C., 168 
Brennecke, 167 
Brevets dhnvention, 247 
Brickenbach, L., 167 
Briegleb, 87 
Bright, 182 

British Books, Catalog of, 277 
B.C.A., 70-71 
genesis, 54 

British Plastics Yearbook, 161 
Brinton, W.C., 268 
Britton, 176 

Brown, B.K, 160 
Brown, D.F., 161 
Browne, C A., 33, 183, 249 
Bugge, 26 
Bull.soc.chim,, 37 
abstracts in, 71 


Burgess, L., 243 
Burr, M.S., 109 
Burstall, F.H., 114 
Business, Survey of, 258 
Buswell, A.M., 183 
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Cadmium plating, patents, 241 
Caesar, 242 

California, publications, 257 
Call number, 10, 14 
Cambridge series of phys. chem,, 86 
Canada, patent laws, 243 
Canal rays, bibliog., 278 
Carbon, activated, patents, 241 
Card catalog, 13-23 
arrangement of, 20 
compiler entries in, 17 
foreign names in, 21-23 
govh-. publications in, 17 
journal entries in, 17, 21 
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surnames in, 20-23 
ti'anslator entries in, 17 
Cards, index, 272 
Carhart, 99 
Carmichael, E.B., 278 
Carnegie Institution, 261 
Carr, W.G., 243 
Cast iron, analysis, 167, 181 
Catalog, Depository, 26 
of Scientific Papers, 68 
of Scientific Serials, 49 
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reference, 15, 20 
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subject, 15 
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CatalogiBg, rules, 16-23 
Catalysis, 154, 167 
biological, 167 
by colloidal metals, 188 
Catalyst, inorganic, 167 
patent for, 211 
Catalytic reactions, 158 
Cattell, J.M., 29 
Caven, R.M., 86, 109, 114 
Cellulose, 160 
Ethers, 160 
Cement, 111 
patents, 241 
Ceric sulfate. 111 
Chamot, E.M., 169 
Chandler lecture, 32 
Chapman & Hail, monographs, 86 
Charcoal, activated, 87 
Checklist, U.S. Public Documents, 
255 

Chemical Abstracts, 68-69 
genesis, 53 
Chemical Age, 99 
Chemical Dictionary, 99, 100 
Chemical Digest, 39 
Chemical Encj^clopedia, 100 
Chemical energ 3 ^ 189 
Chemical Engineers’ Handbook, 269 
Chemical Formulary, 101 
Ghem.Met.Eiig., 37 
reviews in, 78 
Chemical Microscop^^, 169 
Chemical Patents Index, 235, 248 
Chemical Principles, 168, 191 
Chemical Reviews, 78, 86 
Chemical Societj^ (London ) , 26 
Chemical Warfare Service, 260 
Chemical Who’s Who, 30 
Chemie— Btichlein, 83 
Chemie in Einzeldarstellungen, 89, 
157 , . , , ' ■ 

Chemiker-Kalender^ 204 
Chom.Ztg., 37 
reviews in, 78 

Chemische Analyse, 87, 166 
Chem.Weekblad, 37 
Chemisches Journal, 36 


CheiiLZentr., 69-70 
genesis, 53 
Chemist-Analyst, 39 
Chemistry in America, 33 
Chemistry and Industry, abstracts, 
73 

Chemists, Eminent American, 33 
Chemists’ Year Book, 204 
Childs, J.B., 261 

Chimie & Industrie, abstracts, 71 
Chronological list, ind. chem., 249 
organic chem., 158 
volumetric anal^^sis, 175 
Chromium plating, patents, 241 
Clark, W.M., 177, 258 
Clarke, E.E., 261 
Clarke, F.W., 258 
Clarke, H.T., 168 
Classen, 99, 175, 177 
Classihcation, 1-11 
books about, 10 
Brussels, 7 
defined, 2 
Dewey Decimal, 2 
Library’- of Congress, 7 
Classification numbers, Dewey, 2, 
4-5 

L.C., 8-9 
Clay, 108, 258 
analysis of, 172 
Clennell, 182 
Clowes, 174 
Coal, anatysis of, 181 
sampling of, 181 
Coal tar, 258 
analysis of, 172 
Cobalt, detm, 167 
Cohen, J.B., 154 
Coke, anatysis, 181 
Coleman, 174 
Collation, 14 

Golloid chemistry, 192-193 
dictionary of, 193 
electrolytes ill, 187 
journals of, 188 
monographs in, 187 
patents in, 244 
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Goiloid chemistry, of textiles, 187 
Colloid Symposium, 88, 187 
Colloidal Elements, 193 
Colloidal Metals, as catalysts, 188 
Colloidal Silver, 188 
Color charts, 100, 101 
Colorimetric Methods, 178 
Colorimetry, 178 
Colors, food, 179 
Colour Index, 156 
Comey, A.M., 203 
Commerce Department, 256 
Commercial Organic Analysis, 172 
Compiler, 17 
Complex salts, 111 
Composition, 266 

of Technical Papers, 269 
Compt.rend., 37 
Conant, J.B., 155 

Condensed Chemical Dictionary, 
100 

Conductivity of Solutions, 190 
Conductometric analysis, 176, 177 
Conne medal, 32 

Constable & Co., monographs, 87 
Copper, 181 

Cornell University, monographs, 87 
Corporate body, 17 
Corrections, journal, 47 
Cosmetics, 161 
Couch, J.P., 99 
Crane, E.J., indexes, 75 
nomenclature, 268 
Crawford, 160 
Creighton, H.J., 193 
Crell, 36 

Crispin, F.S., 100 
Crystal structure, 187 
Crucibles, 27 

Cumulative Book Index, 277 
Cuno, C.W., 276 
Curran, 160 
Curtis, F.J., 276 
Gutter, C.A., 23 
Gutter number, 7 
Cutter table, 10 
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Dairy products, analysis, 179 
Dammaiin, 75 
Dammar, O., 94, 114 
Dancaster, 109 
Danckwortt, P.W., 169 
Daniels, F., 191, 192, 195 
Danneel, 177 
Dannerth, F., 249 
D’Ans, 235, 248 
Data, in reports, 268 
Davies, C.W., 193 
Daw, E,B., 177 
Debye, P., 88 
Deller, A.W., 223, 242 
Demorest, 182 
Dennis, L.M., 182 
Depository libi’ary, 257 
Detergents, 161 

Deutsche Chemische Gesellschaft, 
Directory, 33 
Dewey, M., 10 

Decimal Classification, 2 
Relativ Index, 6 
Diazo compounds, 158 
Dictionaries, of American Usage, 267 
Bailey, 99 
bilingual, 50-51 
chemical, 91-101 
Chemical Age, 99 
Chemical Catalog Co., 100 
Chemical Synonyms, 100 
of Chemical Tei'ms, 99 
of colloid chemistry, 193 
of color, 100, 101 
Condensed Chemical, 100 
Etymological, 99 
Fehling, 97 
German, 50-51 
Italian, 50-51 
Ladenburg, 93 
language, 50 
LippincotUs, 31 
of Organic Compounds, 157 
Pitman’s, 51, 100 
polylingual, 50-51, 100 



Dictionaries, of solubility, 203 
of synonyms, 267 
of Technical Terms, 100 
technological, 51 
Thorpe, 95 
Ure, 97 
Watts, 93 
Wurtz, 98 

Dipole moment, 187 
Directory, A.A.A.S., 33 
A.C.S., 33 

German Chem. Soe,, 33 
Doctrine of Equivalents, 212 
Dole, M., 193 
Doree, C., 160 
Drop Beactions, 169 
Drucker, 189 
Drugs, 99 
analysis of, 165 
identification of, 167 
patents on, 236 
Dulfer, 170 
Du Mez, 160 
Dupont, G., 164 
Durrer, 89 
Dyes, 156 
analysis of, 172 
classification of, 156 
import data on, 258 
intermediates patents on, 249 
natural, 156 

patents on, 235, 241, 244 
rayon, 241 
synthetic, 156 
tables of, 156 
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Ebert prize, 39 
Editor, 16 
Eggert, J., 191 
Egloff, G., 88 
Ehrhardt, E.F., 244 
Ekkert, L., 167 
Eldridge, A. A,, 109 
Electrochemistry, 111, 193-194 
monographs, 88 
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Electrolysis and Polarization, 190 
Electrolytes, colloidal, 187 
strong, 187 

Electrolytic Action, 99 
Electrolytic Analysis, 166, 177 
Electrometric Analysis, 176 
Electro metrische Massanalyse, 176 
Electromotive force, 190 
Electron emission, 203 
Elements, Discovery of, 33 
Ellis, C., 161 
Emich, F., 177 
Eminent Chemists, 27 
Emission spectrum, 177 
Enciclopedia Italiana, 91 
Encyclopedia Series, 180 
Encyclopedias, 91-101 
Dammar, 94 
of electrochemistry, 99 
evaluation of, 92 
Fehling, 97-98 
Fr6my, 92 
Ladenburg, 93 
Lueger, 99 
Merck’s Index, 99 
Muspratt, 94 
purpose, 91-92 
Thorpe, 95 
TJllmaim, 96 
Ure, 97 
use of, 92 
Watts, 93 
Wurtz, 98 

Enamels, analysis of, 172 
Engelhardt, V., 88, 193 
Engineering Index Service, 54 
English in Business, 268 
English grammar, 267 
Enke, F., monographs, 87 
Entries, in card catalog, 16-23 
Ephraim, P*, 114, 190 
Ephraim, J., 249 
Equation of State, 190 
Equivalents, Doctrine of, 211 
Eucken, A., 191 
Europa, 30 
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European Patent Eiglits, 242 
Evans, U.R., 111 
Everhart, E., 261 
Evidence, 220 

Experiment Station Record, 
258 

Explosives, analysis of, 172 


74, 


181, 


Fajans, X., 167, 192 
Faies, H.A,, 175 
Famous Chemists, 28 
Faraday Society, Trans,, 87 
Farbstoff-tabellen, 156 
Farkas, 86 
Pats, analysis, 181 
Feeding stuffs, analysis, 179 
Pehling, H.V., 97 
Feigl, F,, 169, 177 
Penning, K., 243 
Ferro-alloys, analysis, 167, 

182 

Fertilizers, analysis, 179 
Filing systems, 278 
Filmstats, 40 
Findlay, A., 191, 192, 194 
Fischer, A., 177 
Fischgold, 177 
Flavoring extracts, 179 
Fluorescence analysis, 169 
Fluorine acids, 87 
Food, analysis of, 165, 182 
colors in, 179 
metals in, 179 
Footeprints, 39 
Foreign documents, 257 
Foreign governments, publications 
of, 249 

Foreign names, 21 
Formula index, inorganic, 117 
organic, 124 
FortsGhr.Chem., 78 
Fortschr. Chem., Physik, physik. 

Ghem., 187 
Foster, 269 
Fowle, F.E., 202 



France, patents, 247 
Franklin medal, 32 
Free radicals, 154, 187 
Fr4my, M.E., 92 
French books, catalog of, 277 
Frequency of journal publication, 
37-38 

Fresenius, T,W., 168 

Freudenberg, K., 194 

Freundlich, H., 192 

Frey, 188 

Fricke, 190 

Friedlander, 235, 248 

Friend, J.N., 109, 191 

Fuel, analysis, 172, 182 

Fulcher, G.S., 63, 278 

Furman, N.H., 165, 167, 175, 176 

Fuson, 169 



Gardner, W., 100 I 

Gas analysis, 172, 182 I 

Gas Chemists’ Handbook, 182 I 

Gaseous Systems, 194 

Gasoline, analysis, 181, 183 I 

Gattermanii, 159 ? 

Gaum, 269 | 

Gazz.chim.ital., 37 1 

Gelatin, analysis, 172 ? 

Geochemistry, 258 

Geological Survey, 256 i 

Geology, of metals, 111 

Gerlach, 177 I 

’ ' '"I 

German books, catalog of, 90, 277 i 

German Chemical Society, Direc- | 

tory, 33 ' . ' 'I 

Germany, patents in, Ausziige, 246 ^ 

Gruppeneinteiliing, 246 
Gruppeiiiiste, 247 
Nummerliste, 247 
Patentblatt, 246 
Stichworterverzeiclmis, 247 
Verzeichnis, 246 
Get man, 191 
Gibbs medal, 32 
Giua, 51 
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J Glass, 108, 111 

analysis of, 172, 174 
Glasstone, S., 86, 194, 195 
Gmelin, L., 103 
handbook, 104 
! Goddard, 109 

i : Goldschmidt, S., 194 

^ Good, W.R., 269 

I Government Document Bibli- 

I ography, 261 

• Government publications, cards for, 

: 17 

r references to, 261 

Graham, H., 157 
Graham-Otto, 114 
Grammar, 267 
Grant, 169 

Graphic Methods, 268 
i Grasselli medal, 32 

1 Graves, see Gaum, 269 

; Great Britain, Official Journal 

^ (Patents), 245 

! Patent Office Library of, 246 

i Patents, Class and Index Key, 246 

Fifty Year Index, 246 
Illustrated Abridgments, 246 
List of, 246 
Name Index, 246 
Great Chemists, 27 
GreatMen of Science, 27 
Gregory, 44, 49, 109, 249, 257 
Griffin, R.C., 174 
Grignard, Y., 153, 157 
Groggins, P.R, 160 
Gross, 47 

Grosse Manner, 28 
Grossmann, H., 167 
Gucker, 195 
Giidger, E.W., 267 
Gurney, R.W., 195 

■ ■■ H 

Hackh, LW.D., 100 
Haenisch, 175 
Haussermann, 98 
Hahn, D., 87, 155, 203 


Hall, W.T., 168, 174, 175 
Hamor, 249 
Harnson, C.J., 242 
Handbook of Chemistry, 205 
Hand- u. Jahrbuch chem.Physik. 

189 

Harrow, B., 27, 156 
Hartleben, A., 88 
Hauser, E.A,, 161, 167 
Haynes, W., 30, 249 
Heat of formation, 195 
Hedges, E.S., 192 
Heilbron, 157 
Helium, 259 
Hell, 98 

Helv.Chim.Acta, 37 
Henley’s Book of Formulas, 101 
Hermann & Cie., monographs, 88 
Herty medal, 32 
Herz, W,, 166 
Heywood, 244 
Hickling, 86 
Hildebrand, J., 114 
Hill, E.A., 249 
Hinrich, 155 
Hinrichsen, F.W,, 166 
Hinshelwood, C.N., 194 
Hillebrand, W.F., 174 
prize, 32 

Hirzel, S., monographs, 88 
History of Chemistry, 26 
History, World Developments, 259 
Hochschulen- Almanack, 31 
Hodgeman, C.D., 205 
Hoffman, 182 
Hoffmann, M.K., 117 
Lexikon, 117 
Holdings card, 10 
Holleman, A.F., 156 
nomenclature, 160 
Holmyard, 27 
Hope, E., 204 
Hopkins, 88 
Horwill, RM., 267 
Hoshall, E.M., 268 
Houben, J., 158, 236, 248 
Howe, J.L., 278 
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Hoyer-Kreuter, 51 
Htkkel, W., 155, 188 
Hunter, D., 160 
Huntress, E.H., 134 
Huttig, see Fricke, 190 
Hyamson, 31 
Hydrazine, 157, 166 
Hydrocarbons, reactions of, 88 
Hydrogen Ions, 176 
determination, 177 
Hydrogen, kinds of, 86 
Hydrogen peroxide, 167 
Hydrolyzing Ferments, 167 
Hydrous Oxides, 193 
Hydroxides and Oxide Hydrates, 190 
Hydroxyqiiinoline, o-, 167 
Hygienic Laboratory, 258 


Illustrations, for reports, 268 
Imprint, 14 

Improvement x>atent, 214 

Indicators, 177 

Index Generalis, 29 

Index Medicus, 75 

Index of the Technical Press, 75 

Indexer, 60 

Indexes, 75 

abstract journal, 55, 61 
author, entries in, 20-**23 
use of, 61 

to book reviews, 278 
of chemical compounds, 278 
formula, inorganic, 117 
organic, 124-127 
of journals, 37-38 
patent, 81, 226-248 
subject, use of, 63-67 
Industrial Arts Index, 75 
Industrial Bulletin, 39 
Industrial Chemical Series, 86 
Ind,Eng.Chem., 37 
Anal.Ed,, 166 
reviews in, 78 
Infringement, 219 
Inks, 259 


Inorganic Catalysts, 167 
Inorganic chemistry, 103-121 
patent digest in, 235 
reference guide to, 112-113 
Inorganic Quantitative Analysis, 
175 

Inorganic Syntheses, 117 
Insect powder, 259 
Institutes, data of, 29 
Insulation, electrical, 157 
Interfaces, 187 
Interlibrary loan, 45 
International Catalog, 68 
International Critical Tal:)les, 200- 
202 

Invention, 208-209 
Invention, What Constitutes, 243 
Invention and tlie Law, 243 
Invention Eecords, 243 
Inventor, 216 
joint, 216 

Inventors, Don’ts for, 243 
Invisible College, 36 
Iodine Number Methods, 167 
Ionization theory, 187 
Ions in Solution, 195 
Ipatiev, \^N., 158 
Iron, analysis, 182 
Iron and Steel lustitute, Journal of, 
:74 

Iron Taniuite Colors, 166 
Isotopes, 195 


Jacobson, Paul, 154 
Jaffe, 27 
Jahr, 176 

Jahresberichte, 81-84, 248 
Jahrbucher, 81-84 
Jamieson, G.S., 176 
Jander, 167, 176 
Jellinek, IG, 190 
Jenkins, 165 
Jesperson, J,0., 267 
Jessop, E.N., 247 
Jette, 191 
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Johnson, C.M., 182 
Johnson, O.C., 168 
Johnson, T.B., 155 
Johnston, 276 
J.Aiii.Cliem.Soo., 37 
J. Am .Leather Chemists Assocn., 74 
J.Anal.Chem., 165 
Journal appraisal, 45 
Journal article, corrections in, 47 
foreign, 47 
locating a, 42 
reading, 46 
J.BioLChem., 37 
Journal, Scientific, Birth of, 48 
J.Chem.Soc,, 37 
abstracts in, 72 
J.chim.phys., 1S8 
J.Pat.Offiee Soc., 243 
J.Phys.Chem., 37, ISS 
J.prakt.Chem., 37 
Journal reading, 40 
Journal references, 40-41 
Journal, scientific, 48 
J.Soc.Chem.Ind., 37 
J.Soc, Dyers Colourists, 74 
Journals, 35-51 
abstract, 53-75 
bibliography of lists, 49 
catalog cards for, 17 
classification, 39, 48 
cost, 37-38 


Kamm, O., 168 
Kapillarchemie, 192 
Karrer, P., 155 
Kassel, L.S., 194 
Kassler, J., 167 
Kauffmann, 157 
Kausch, 87 
Kaye, 203 
Kayser, H., 169 
Keane, C.A., 171 
Kellogg, 267 
Kerr, 170 
Ketenes, 157 


I\illeffer, 33 
lulmer, 48 

Kinetic Theory, 190, 191 
Kinetics, 194 
Kingzett, C.T., 100 
Ivipping, P,B., 156 
Kipping, F.S., 156 
Ivlar, 88 
Klemm, 86 
Kley, 169 

ILaapp, AV., monographs, 88 
Koehler, 193 
Kolloid Beihefte, 78, 188 
Koiloid Z., 38, 188 
Kolthoff, I.M., 175, 176, 177 
Koppel, 108, 204 
Kremann, 190 
Kronig, 86 
Kriiyt, H.R., 192 
Kuenen, 190 
Kiihlman, A.F., 261 
Kuhn, A., 193 
Kurkiila, 31 


Laboratory construction, 115 
Laboratory guide, inorganic, 115- 
117 

organic, 158-160 

physical chem., 191 
Laboratory records, 263-264, 267 
Laby, 203 
Lacquers, 160 
Ladenburg, A., 93 
Lambourne, 109 
La Her, 191 ^ ^ ^ ^ ^ ^ 

Lander, 114 

Landolt-Bornstehi, 197 

Lang, 167 

Lange, N.A., 205 

Lange, O., 99 

Lassar-Cohn, 158 

Latex, 161 

Latimer, 114 

Law Books, 242 

Law of Chemical Patents, 242 
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Law of Patents, 242 

Law of Patents for Chemists, 223 

Leather, analysis, 172 

Le Blanc, M., 86 

Lee, 31 

Legal ChemistiVY, 249 
Leipziger Vortrage, 88 
Lenard, 27 
Lewis, aN., 194 
Lewis, W.C.Mc,, 191 
Lewkowitsch, 181 
Libraries, data about, 29 
size of, 35 

Library, arrangement of, 1 
function of, 1 
problems of, 1 

Librarjr of Congress, cards, 14 
card service of, 15 
printed cards of, 23 
Liebig, Jw., 97 

Liebig and Kopp, Yearbook, 81 
Liesche, 0., 167 
Liesegang, 89, 193 
Limestone analysis, 181 
Liristead, 156 
Lippniann, E.O.V., 158 
Liquid crystals, 154 
Liquids, Mechanical Properties of, 
190 

Literature, Reference Catalog of, 
277 

search, analytical chem., 163-164 
inorganic, 119-121 
organic, 123-124 
patent, 237-249 
physical chem., 186 
Literaturkaiendar, 28 
Little, 109 

Lockwood Crosby & Son, mono- 
graphs, 88 
Locquiii, R,, 154 

Longmans, Green & Co., mono- 
graphs, 88 
Lord, 182 
Lost arts, 209 
Lotsch, J.L,, 242 
Low, A.H., 182. 


Lowry, T.M., 114 
Lowy, 156 

Lubricants, analysis, 182 
Lucas, H.J., 156 
Lueger, 0., 99 
Lumineszenz- Analyse, 169 
Lmidell, 174, 182 
Lunge, 171, 182 
Luther, 192 


M 

Me Alpine, R.K., 168 
McCartney, W., 159 
McClung, 278 
McCoy, see McClung, 278 
McDonald, see Watt, 269 
MacDougall, PJL, 191, 194 
McElroy, K,P., 243 
MacRae, 243 
Maerz, 100 

Magnesium, in organic chern., 157 
Magnetochemie, 86 
Maldrum, 195 
Manganese, 259 
Mann, PI., 161 
Mann, M., 23 
Manual of Style, 267 
Manufacture, defined, 210 
census of, 260 

Manuscript and Proof, 269 . 
Marchioiina, 161 
Margosches, B.M., 166, 167 
Marie, Ch., 199 
Marks, 109 
Marquis, 30 
Martin, D.J., 194 
Martin, G., 88, 109, 161 
Marx, C., 249 
Mason, C.W., 169 
Mason, W.P., 183 
Mass Spectra, 195 
Mastick, S.C., 244 
Materials liaudbook, 168 
Mathematics, in analytical (‘hem., 
167 

in physical chem., 195 
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Mathews, 192 
Mawson, C.S.O., 267 
Mayer, 51 
•Meade, 181 
Meats, analysis, 179 
Mechanical Properties of Liquids 
190 

Medals, list of, 32 
Medicinals, 99 
identification of, 167 
patents for, 248 
Mellon, M.G., 48 
Mellor, J.W., 106, 195 
Membership, society, 33 
Men, Money and Molecules, 249 
Mendel medal, 32 
Merck’s Index, 99 
Merrill, M,C., 278 
Metallgesellschaft, 39 
Metallography, 111, 181 
Metallurgical analysis, 182 
Metals and Metallic Compounds, 
111 

Meteorites, 259 
Methanol, 258 
patents, 241 
Meyer, E.v., 26 
Meyer, F., 156 
Meyer, R., 82 
Meyer, R.J., 75, 103, 167 
Meyer, Victor, 154 
Mica, 259 
Michaelis, A., 114 
Michaelis, L., 176 
Michaud, 31 
Microanalysis, 155 
organic, 177 

Microchemical Laboratory Manual, 
177 

Microchemische Analyse, 169 
. Michrochemistry, 169 
Micrographs, prepn., 181 
Microscope in analysis, 169-170 
Mieli, 30 

Millard, E.B., 191 
Miller, 75 

Milk, analysis, 167 
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Mineral Industry, 82 
Mineral Resources, 82 
Mineralogy, thin section, 170 
Minerals, 259 
identification of, 170 
review of, 82 
Minerva, 29 
Mines Bureau, 256 
Minnesota, state publications, 257 
Mirrors, making, 88 
Mitchell, C.A., 168 
Mnemonics, 2, 4r-5, 8-9 
Moelwyn-Hughes, E.A., 194 
Mohr, F., 175 
Moissan, IL, 114 
Molecular forces, 187 
Molecular structure, 87 
Monatsh., 38 
Monographs, 84-90 
Colloid Symposium, 187 
Kollo idforschung, 188 
reliability of , 85 
searching for, 85 
Moore, FJ., 156 
Moore-Hall, 26 

Morehead medal, 32 
Morgan, G.T., 114 
Morley, H.F., 93 
Mortar, 108 
analysis of, 172 
Moulton, A. B., 244 
Mtiiler, Emil, 242 
JVfuller, Erich, 176 
Muller, Rob’ t., 190 
Muir, M.M.P., 93 
Mulliken, S.R, 169 
Muret and Saunders, 51 
Museums, data of, 29 
Muspratt, J.S., 94 

Naish, 182 

Names, personal, in card catalog, 
20-23 
Belgian, 22 
Danish, 22 
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Names, personal, in card catalog, 
English, 22 
Erench, 22 
German, 22 
Russian, 22 

National Formulary, 101 
National Patent Systems, 243 
National Research Council publica- 
tions, 256 
Nature, 38 
' Nephelometry, 178 
Nernst, W., 185, 191 
Neuss, 174 


Organic cheinicals, import data, 258 
Organic chemistry, 123-161 
advanced treatises in, 153-155 
dictionary of, 157 
elementary texts on, 155-156 
history of, 158 

laboratory guides in, 158-160 
monograph series in, 157 
of Nitrogen, 158 
nomenclature in, 160 
patents in, 236, 248 
Recent Advances in, 156 
reviews of, 156-157 



Oesper, R.E., 158 

Official Chemistry, 249 

Official Gazette, 226 

Official Journal (Patents), 230, 245 

Official Methods of analysis, 164 

Oils, analysis, 174, 181 

Olsen, J.C., 205 

Ores, analysis, 182 

Organic Analysis, 168, 172 


Paint, 259 
analysis of, 173 
Paraffin, 259 
Partington, 114, 195 
Pauling, L., 195 
Paper, analysis, 172 
Papermaking, history of, 160 
Parachor, 154 
Parr, S.W., 182 


Nichols, 182 
Nichols medal, 32 
Nickel Bulletin, 39 
Nickel, detn, 167 
Nieuwenburg, 170 
Nissenson, li., 166 
Nitrocellulose Lacquers, 160 
Nitrogen, 158 
Nitrogen industry, 1 11 
Nobel prize, 32 
Noble Gases, 190 
Noble Metals, 167 
Nomenclature, 268 
inorganic, 75 
organic, 75, 154, 160 
NoiTis, J,F., 156 
Norton, F.H., 270 
Notebooks, 263-264, 267 
Notes, arrangement, 275-276 
Novelty, 209 
Noyes, A.A., 168, 191 
Noyes, W.A., 48 


Schmidt's Jahrbuch of, 83, 157 
solvents in, 158 
synthetic, 158-160 
technology of, 160 
Yearbook of, 83 

Organic Compounds, Detection of, 
167 

Identification of, 167 
Organic Precipitating xlgents, 167 
Organic Solvents, 158 
Organic Syntheses, 159 
Organo-metallic Compounds, 89, 
109, 157 

Osborne medal, 32 
Osmotic pressure, symposiurn, 1S7 
Ostwald, Win., 28, 185, 192 
chemical literature, 190 
Handbuch, 189 
Lehrbuch, 189 
Otto, 28 

Oxidation-reduction Potentials, 176 
Oxiiie, 167 
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Partington, J-E., 114 
Pascal, R, 110 

Patent, abandoninent of, 243 
application for, 242, 243 
assignment of, 218 
claim drafting, 243 
defined, 207-20S 

employer-employee riglits in, 219 
history of, 220-221 
license, 219 

litigation over, 220-222 
searches for, 237"-249 
scicuring c5opy of, 224-226 
valid, 214 
value of, 208 
Patent Law, 223 j 243 
Patent Law for Chemists, 242 
Patent Laws of the World, 242 
Patent literature, 223-249 
non-ofilcial, 235-244, 248 
official, 226-234 
British, 230-231 
Germ an , 231-234 
United States, 226-230 
by subject, 241 
Patent mimbers, British, 232 
German, 234 ■ 

", United States, 227 ■ ■ 

Patent Office Society, Jo\irnal of, 
'■ 243 ' ■ 

Patent Procedure, 243 
Patent Rights, 242 
Enforcement of, 243 
Patentability and Validity, 242 
Patents, 207-249 
for analytical methods, 249 
Canadian, 243 

chemical te(4mology and, 235 
classes of, 210 

British, 231 
German, 233 
United States, 228-230 
in colloid chemistry, 244 
drug, 236 
dye, 235, 244, 2‘18 
interm(Hliat<?s, 249 
employer-employee, 243 


Patents, finding aids for, 238-239 
in inorganic industry, 248 
insecticide, 259 
lacquer, 160 
medicinal, 248 
Ofiicial Gazette, 226 
organic chemistry, 236, 248 
for resins, 157 
scope of claims in, 243 
U.S. Manual of, 228-230 
Patterson, A.M., dictionaries, 50 
nomenclature, 75, 160 
Paul, 100 
Perfumes, 161 
Periodicals, 35-51 
in card catalog, 17, 21 
C.A, list of, 49 
history of, 36 
List of, 41 
World List of, 49 
Perkin, W.H., 156 
medal, 32 

Perry, J.H., 269, 276 
Petrography, 170 
Petroleum, 154 
analysis of, 183 
patents, 241 
refining, 161 
Pfimdt, 167 
pH, 176, 177 

Pharmaceutical chemistry, 165 
Pharinaceutical Recipe Book, 101 
Pharmacopoeia, 178 
Phase diagrams, 198 
Phase rule, 194 
Phenol patents, 241 
Phil.Mag., 38 
Photochemistry, 187 
Photoelectric analysis, 177 
Photometric analysis, 178 
Physical chemistry, 185-205 
calculations in, 195 
history of, 185 
journals of, 186 
laboratory guides in, 192 
review of, 195 
reference books for, 189 
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Physical chemistry, textbooks for, Priestly medal, 32 


191 

Physical constants, 195-205, 260 
atomic weights, 198 
Birges, 203 
capillarity, 198 
reliability, 196 
terrestrial, 198 
viscosity, 198 

Physical Properties and Constitu- 
tion, 157 

Physics and Chemistry of Surfaces, 

192 

Phy sikalis ch-Cliemisehe Tabellen, 
197 

Physikalisch-Chemisches Zentr., 187 
Physiological Abstracts, 74 
Physiology, review, 82 
Pierce, 175 
Pierson, H.W., 23 
Pig iron, analysis, 181 
Pitman^s dictionary, 51, 100 
Pittsburgh award, 32 
Plant location, 276 
Plasties, 161 
analysis of, 172 
yearbook of, 84 

Platinum metals, bibliography, 278 
Plimmer, 88 
Poggendorif, 28, 97 
Poisons, analysis, 173 
Polarizing microscope, 188 
Polarographic analysis, 177 
Porter, 169 
Portland cement, 181 
Portraits, 33 
Potash, 260 

Potentiometric analysis, 177 
Potentiometric Titrations, 170 
Potts, H.E., 242, 244 
Poucher, W., 161 
Prager, 75, 134 
Pregl, F., 177 
Prescott, A.B,, 168 
Prevost, 31 
Price, 181 

Prideaux, E.B.U., 109, 1 77 


Primary Elements, 99 
Prix Nobel, 32 
Prize winners, 32 
Proc.Roy.Soc., 38 
Process, patent, 210 
double use, 211 
Proctor, J.H., 243 
Prodinger, W., 87, 167 
Product patent, 213 
Production, cost of, 276 
Pronunciation, 268 
Proskaiiei', 158 
Proteins, patents, 241 
Public Documents, 261 
Publications, foreign gov?-ernnient, 
249 

Publishers’ Trade List Annual, 277 

Q 

Qualitative analysis, 108-170 
inorganic, 168 
organic, 167-168 
Quantitative analysis, 170-183 
electrolytic methods, 99 
organic reagents, 87 
Quantum Mechanics, 195 
Quantum theory, 191 

R 

Rjidio elements, 111 
Eadioactivity, yearbook of, 83 
Eadiochemistry, 87 
Eadiometric analysis, 177 
Radley, J.A., 169 
Eae, W.N., 192 
Raman effect, 154 
Ramsay, Wiin, 190 
Randall, M., 194 
Rapid Electrolytic Methods, 177 
Rare earths, 108, 111 
analysis of, 1G7 
R^ire Elements, detection, 168 
Rassow, B., 89 
Rastoul, 31 





Rayon, analysis of, 172 

Hesins, 157, 161 

patonts, 24 i 

Reumuth, H., 278 

Reaction of Pure H'ydroearbons, 88 

Eeuss, J.D,, 67 

Reactions, Meelianism of, 154 

Review of Am. Research, 53 

Reading an article, 46 

Reviews, 77-84 

Reagents, analysis of, 183 

agricultural, 81 

organic, 87, 167 

American chein., 83 

Receipt books, 101 

analytical chem., 167 

Rec.trav.cliim., 38 

in Ann.Reports Chem.Soc., 80 

Reed, 267 

applied chem,, 83 

Reeder, W.G., 269 

biochem., 82, 84 

Reference, article, 41 

of books, 106, ftnt. 

book, 41 

dyes, 83 

card, 15, 20 

electrocliem., 83 

journal, 40-41 

history, 77-79 

wrong, 42 

Mineral Industry, 82 

Refractories, analysis, 181 

organic chem., 83 

Reichsanstalt, yearbook of, S3 

pharmacy, 81 

Reid, KE., 48 

physical chem., 83 

Reilly, 192 

physics, 82 

Reinboid Publishing Corp., mono- 

plastics, 84 

graphs, 88 

quality, 79 

Rehiliv Index, 6 

radioactivity, 83 

Remington medal, 32 

standards, 84 

Remy, H., 116 

technology, 81 

Repertorium techiilschen Journal- 

usefulness, 79 

Literatur, 75 

water, 84 

Report, 263-278 

{See also Yearbooks) 

of analysis, 265, 276 

R(‘viser, catalog card for, 17 

of cominereiai venture, 266, 276 

Rhodes, F.H., 242 

final, 265 

Rich, 88 

illustrating, 268 

Richards medal, 32 

oral, 264, 276 

Richter, F., 134, 156 

of organic synthesis, 265 

Richter, M.M., 124 

presenting data in, 268 

Richter, Y.v., 155 

progress, 264 

Rickard, T.A., 209 

title of, ^ 

Rideal, E.K., 86, 193 

Report writing, 263-278 

Ridgway, R., 101 

bibliography 

Rieman, 174 

dictionary aids to# 267 

Riesenfeld, E.H., 117 

grammar in, 267 

Eivisc, C.W., 242 

nomenclature for, 26S 

Rocks# 260 

spelling in, 268 

analysis of, 174, 183 

style of, 267-268 

formation of, symposium, 187 

Eeseiuxdi Methorls, 167 

Rodebush, 191 

Research Paper, I^repfiring the, 269 

Rogers, 170 

Research and Thesis Writing, 269 

Roget Dictionary, 267 
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Eoscoe, Sir H.E., 115 
Rosen thaler, E., 167 
Rosin, J., 183 
Rossini, 195 

Rossman, J., 223, 242, 248 
Roth, W., 88 
Row(3, F.M., 156 
Royal Society, Catalog of, 68 
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PREFACE 

Interviews with young people preparing them- 
selves for careers in industrial chemical work have 
led the author to the belief that these students 
might find something of interest in a discussion of 
the various kinds of work which chemists and 
chemical engineers actually do when they ga out 
on the job. 

Similarly other conversations with men in 
business, men who have heard of chemists, but 
who really have not much of an idea as to how 
they work or what they can accomplish, have 
made it seem that some of this group too might 
be interested in learning something about the 
kind of help they could expect to get from chemi- 
cally trained people. 

With the thought that a brief discussion of the 
activities of the chemist and chemical engineer in 
industry rnight be of help by giving to th ose 
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PREFACE 

Interviews with young people preparing them- 
selves for careers in industrial chemical work have 
led the author to the belief that these students 
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chemical engineers actually do when they get out 
on the job. 

Similarly other conversations with men in 
business, men who have heard of chemists, but 
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cally trained people. 
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activities of the chemist and chemical engineer in 
industry might be of help by giving to those 
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unfamiliar with that work a quick look at the 
subject,' th| following pages have been prepared. 
If to some readers the presentation seems at times 
to be a rather flippant handling of material usually 
treated seriously, it should be said that there is a 
defense to be offered. Laymen are apt to regard us 
as an uncompromisingly serious-minded lot and 
unfortunately when they have decided that about 
us, it is sometimes hard to get them to accept us 
as raembers-in-good'Standing of a business organi- 
zation. There seemed to be some point in remind- 
ing ourselves, and perhaps others as well, that 
after all, chemists are people too. 

Herbert Coith. 

Wyoming, Ohio, 

May , 1943. 
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FOREWORD 


Dr. Coith is a shy author. I had worked with 
him through a hot Washington summer in an 
improvised ofSce which reverberated with per- 
petual conferences and shoute;d telephone con- 
versations, but he had given no inkling of an 
instinct for authorship, save for that afternoon 
when he worked three hours trying to redraft 
a WPB legal order so that it could be understood. 

It took Mrs. Coith’s initiative to produce “the 
manuscript” one evening — ^the manuscript which 
Herb had labored on spasmodically over many 
years. And as I became absorbed in chapter after 
chapter, each with its introduaory ballad, its 
direct approach and its apt examples, embarrass- 
ment flushed his face with my every comment. 

This book is intensely practical. It is written 
by a man who glories in being a chemist, and who 
has a broad concept of the chemist’s responsi- 


bilities to his fellow men and to society. Its 
values may be greatest to the young chemist and 
chemical engineer in his twenties — in the years 
of graduation from school and introduction to 
industry. It is definitely not a sales appeal for the 
youngster to pick a chemist’s career. Rather, it 
is an honest and perspicuous analysis of the varied 
professional functions and responsibilities of the 
chemist, of the importance of his jobs, and of the 
characteristics which are required to perform them. 

Older men will relish the mature philosophy 
of the author, and will conjure illustrations from 
their own experiences to parallel those which 
Dr. Goith presents. The young college student 
may sometimes be bewildered because his practical 
world is not what he had imagined. But all can 
profit from the lucid exposition of the chemist’s 
professional life and of his opportunities for 
service. 

Washington, D,C, 

May^ 1943 . 


Walter G. Whitman. 
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Chapter I 

WHAT IS A CHEMIST? 

We’re a wondrous big division of a prosperous company. 

W e*re the chemists. 

Bum! Bum!* 

We’re the chemists. 

We consist of a director and a young washboy and me 
And other chemists. 

Bum ! Bum ! 

And other chemists. 

Some cynical folks around the place just wonder what 
we do, 

And frankly, there are days, b’gosh, when some of us 
wonder, too, 

But well show the dirty doubters something new before 
we’re through. 

We’re the chemists. 

Bum! Bum! 

We’re the chemists. 

But what is a chemist? Yes, what? 

And immediately someone raises a counter- 
question, perhaps after the manner once made 
widely famous by a couple of well-known gentle- 
men of color; 

* Words inserted to round out the rhythm, not 
adjectives referring to chemists. 
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“What’s yo’h idea in bringin’ that up?” 

Well, there are several ideas. In the first place, 
and purely from a selfish angle, it would be nic e 
if it were possible to give the layman a notion of 
what chemists do, so that when we admit that 
we are chemists, they would not reply with that 
inspired question, “Oh, so you work in a drug- 
store, do you?” 

Something also would be gained if people in 
general got enough of an idea of the difference 
between a chemist and a soothsayer so that 
Cousin Elmer or Old Man Dowie or someone 
else would not continually be bringing us a little 
bottle of this or a can of that or a hunk of the 
other to examine, open the conversation with 
that flattering challenge, “Say, you’re a chemist. 
What’s this made of?” and then stand by expect- 
andy, waiting for us to take a look or a sniff or a 
taste and give a formula for reproducing the stuff. 

In the next place, maybe it would be interesting 
to the thousands of students in schools scattered 
about the country who are preparing themselves 
for chemical careers to know something about 
whither they are bound and what sort of work 


awaits them when they face the world. Do the 
pretty piaures in the magazine advertisements — 
those showing learned-looking sages with pointed 
beards and nice white jackets like the ones 
dentists and soda-fountain clerks slip on when 
they go to work— really represent a chemist or 
not? Will they, the aspiring students, some day 
be peering into a beaker or a test tube just as 
those boys in the pictures do, with a microscope 
at one elbow, a Bunsen burner at the other, and 
an artistic, if not realistic, blown-glass thingum- 
ajig in the offing ready for the next experiment? 

Or those other pictures which occasionally 
appear in the magazines, showing just the kind, 
honest face of the “chemist” who thinks so-and-so 
about some tooth paste or cosmetic, in much the 
same way as a movie queen hails a certain lipstick 
or cigarette or as the Duchess of Bilgewater 
eulogizes something dainty in brass beds — do they 
show the chemist in his ultimate transcendent 
development? 

If pictures of the first sort, the chemist praaic- 
ing his trade, do not truly reflect how chemists 
work, and if pictures of the second sort, just the 


calm face of the scientist in repose, do not show 
what the chemist may hope some day to become, 
then what sort of future does await these students 
when they finally turn their backs on campus life 
and start out to demonstrate that the money 
father spent on their higher education was not 
entirely wasted? 

In the last place (and pay very close attention 
now, you Brothers in chemistry), if we could only 
get aaoss to more of the country’s business 
leaders a little better idea as to just what chemists 
can do, so that they would realize how much 
more service they could get from chemically 
trained men than they are getting, they would be 
putting us in places of greater responsibility, the 
demands for our services would increase, and, 
b’gradous, by and by we would all be getting 
higher salaries. Verily, a consummation de- 
voutly to be wished, if ever there was one. 

With these assorted noble aims we move on to 
the attack. What is a chemist? 

But hold a moment! As a humble scientist 
turned even more humble by trying to be an 
author, the writer realizes that anyone attempting 
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to answer the question under discussion is on his 
way to controversy because there are so many 
points of view from which to approach the subject. 

No one will expect the typical, deep-dyed re- 
searcher who puffs his pipe and ponders over the 
possible action of nitrosodimethyl-so-and-so on 
apiole to look at the matter in quite the same way 
as does the young college graduate-assistant, much 
of whose energy is sapped in worrying over 
whether the blasted freshmen will ever learn the 
gas laws. And neither of them will have quite 
the same slant as that of the vice-president in 
charge of production who has agreed to a half- 
million-dollar chemical-division budget for the 
fiscal year and who thereafter keeps a slightly 
flinty weather eye out to see what his company is 
going to get for the money. 

Under the circumstances how easy it would be 
to fool someone into reading the pages which are 
to come, without his fully realizing where he was 
being led, and then have him find out in the end 
that he had been tricked into investing his time 
in reading mbbish. Such a thing would never do, 
and it shall not be ! 
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■" 

■%: 

In order that it may be clear to all you readers, 
before you wade through many more pages, just 
what you are in for, we shall set down in the next 
few paragraphs a brief resume of what is coming. 

Take heed! The remainder of this chapter is 
here for your protection and if, after you have 
completed it, you will read on, don’t say you 
were not warned. You will have gone into it 
deliberately. 

To begin with, let it be known that we propose 
to discuss the work of the chemist in industry. 

Because such work is so varied and leads into so 
many unexpected directions, the field becomes an 
extremely broad one. Therefore our first task is 
one of dividing that broad field into a few simpler 
subdivisions which we can consider individually 
and which we can then put together and study 1 
as a whole. | 

There are various ways in which the subdivid- 
ing might be done, and we make no claim that 
the way we are going to adopt is better than any 
one of a number of others. But for our present 
purposes let us consider the work of the industrial ^ 
chemist as it relates to: 
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Raw materials 
Processes 
Finished products 

Then, having established the foregoing fields, let 
us introduce a second set of divisions as follows : 

Standards 

Laboratory investigation 
Plant investigation 


And now, having made two simple divisions, 
let us combine them in a sort of a table, this way ; 



You will note that under the column headed 
Standards we have put three X’s. These are in- 
tended to signify diat the chemist in industry is 
going to concern himself, among other things, 
with standards for raw materials, standards for 
processes, and standards for finished products. 
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Again, there are X’s in our chart intended to 
convey the idea that both laboratory and plant 
investigations are to be arried out on raw 
materials and on processes. 

When we come to products, however, both 
under Laboratory investigation and under Plant 
investigation, we find not X’s, but O’s. These 
are not intended to indicate that laboratory and 
plant studies are not to be carried out on finished 
products, but to focus our attention for a moment 
on the fact that much of the investigational work 
carried out on products is done from a point of 
view quite different from that done in connection 
with raw materials and processes. Specifically, 
the difference referred to is this : 

We investigate our raw materials and our 
processes from our own standpoint or, rather, our 
company’s standpoint. We want to find substitute 
raw materials, develop improved processes in 
order to increase our yields or simplify our opera- 
tions — ^to lower our costs, to save money. But 
we investigate our finished products not only 
from our own point of view, but from the point 
of view of our customers as well. We want to 


develop new products that will be more service- 
able to the people who buy our goods, or we 
want to find better ways for customers to use our 
present products. To be sure, in the last analysis, 
these objectives too take account of our point of 
view because we hope, by making such a study, 
to lead our customers to feel that they want to 
buy our products instead of those of some com- 
petitor. Nevertheless, there is a distinction that 
we believe justifies giving separate consideration 
to certain kinds of investigational work on 
products. In order to have a convenient name for 
work in which the customer’s point of view is 
f given particular attention, we are going to call 

it “products service.” 

£ Now there are, as we have shown in our tabu- 

, lation, two types of investigational work: that 

1 carried on in the laboratory, and that done in the 

plant. In order that we may have convenient 
names for these we are going to designate labora- 
V tory investigational work as “research” and plant 

! Investigational work as “plant development." 

^ Summing up our discussion to this point, we 

I find we have divided the work of the chemist in 




industry into four fields, and the worker in each 
of these fields concerns himself, though from dif- 
ferent points of view, with raw materials, proc- 
esses, and finished products. We therefore revise our 
previous chart and constmct the following one, 
which designates the field of work in which the 
industrial chemist occupies himself. 



Stand- 

ards 

1 

Re- 

search 

Plant 

development 

1 

Products 

service 

■ '' ■' 

Raw materials . .... 

X 

^ X ' 

X 

X 

Processes 

X 

X 

X 

X 

Finished products . , . 

X 

X 


X 


In large organizations a whole group of workers 
may be engaged in each field. In a small company 
a single chemist may be undertaking to cover all 
four. But in any case the chart shows the range 
of activity that has to be considered. Our next 
step will be to discuss the divisions individually. 


Qiapter II 
STANDARDS 

Some analyze the samples that are brought in by the 
bunch. 

Weary chemises. 

Bum ! Bum 1 
Weary chemists. 

And others grade the garbage grease, then sit 
near us at lunch. 

Smeary chemists. 

Bum! Bum! 

Smeary chemists. 

And some set specifications telling our buyers what to 
buy, 

While others write ‘^Factory Standards” telling what to 
do and why. 

They help the superintendents out, or anyhow they try. 

We* re the chemists. 

Bum! Bum! 

We’re the chemists. 

We start by taking up rbe work of the stands 
ards department because this work k probably 
the most obvious and most commonly practiced 
work of the chemist in industry, and, as such, it 
will be somewhat more familiar to a greater 
number of readers than would any of the other 
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divisions with which we might begin. Again, an 
understanding of standards work will give us the 
best possible foundation for discussing the sub- 
jects that we want to develop later. It will help 
us get our feet on the ground because it deals, 
for the most part, with things as they are. When 
we come to research, plant development, and 
products service, we are going to be considering 
mainly changes— substitute raw materials, alter- 
nate processes, or improved finished products. 
But standards are set to guide and control opera- 
tions as they are currently being carried out. 

For that reason, incidentally, a man starting 
his first job with a concern can look to the stand- 
ards department to obtain information necessary 
for orientation in his new work. 

There is not much mystery in the work of a 
standards department. Its primary function is to 
ensure tmiformity of finished products, and, be- 
cause uniformity in these cannot be controlled 
efficiently without uniformity of processes and 
uniformity of raw materials, standards and speci- 
fications are established and maintained for all 
these. 


But it is not enough simply to set standards. 
Instructions for meeting and maintaining these 
standards have to be given to the persons or 
departments concerned, and, since such instruc- 
tions are usually quite involved and include many 
important details, it becomes necessary to set 
them down in writing. Thus the standards de- 
partment becomes a compiler of specifications for 
purchasing agents, an author of instruction books 
for plant operators, and a recorder of necessary 
qualities in finished products. 

Setting the standards and writing and distribut- 
ing the information concerning them, however, 
does not represent the whole extent of the stand- 
ards department’s job. In fact, it is scarcely the 
beginning. The real job comes in exercising a 
constant vigilance over materials, processes, and 
products to see that the proper quality is main- 
tained. Call it checking, auditing, policing, any- 
thing you like, the job remains the same and its 
watchword, aimed at products that are in any 
way substandard is this: They shall not pass! 

With such an objective before it, the standards 
department prescribes tests that shall be made on 
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materials going into a proce^, materials at vari- 
ous points during the process, and materials as 
they emerge from the process, to assure everyone 
concerned that all is well. 

But these tests— where are they made, and how? 

They are made in the testing laboratory by the 
application of analytical chemistry. 

Here, in a sense, we have come to the real be- 
ginning of our story, for analytical chemistry, 
using the term in its broadest meaning, is the 
cornerstone of all chemistry. It is the fundamental, 
the sine qua non (which I Just looked up in the 
dictionary and whichj according to that compre- 5 
hensive volume, means “that which is absolutely ; 
indispensable”). It is the essential tool without ’ 
which the handicraft of the chemist cannot pro- 
ceed. It is chemistry’s measuring stick. 

At this Juncture some of our hairsplitting con- 
temporaries, who insist on words being used in 
their exact meaning, will point out that we are ; 
taking in an unjustifiably large territory for analyt- I 

ical chemistry. They will quote our friend the ‘ 

dictionary to the effect that analysis means “ascer- 
taining or separating the elements of a complex 1; 



body,” and that there is a lot of measuring done in 
chemistry that does not fit in with that definition. 
Of course, strictly speaking, they are right. The 
analysis of a piece of alloy, in which we determine 
the percentage of the various metals which it 
contains, lines up with their definition perfectly, 
but the “analysis” of an oil in which we determine 
such things as iodine value, saponification number, 
refractive index, and perhaps various other char- 
acteristics, does not meet the ironclad definition of 
analysis at all. Yet by custom we have come to 
regard many measurements of physical and chem- 
ical properties as belonging in the same general 
realm as “ascertaining the elements of a complex 
body” and we have put the whole lot together into 
that division of our science which we call “analyt- 
ical chemistry.” 

In spite of the faa that analytical chemistry is a 
vital factor in every chemist’s every undertaking, 
it is regarded by some of our scientific coworkers 
as a matter of minor importance. Occasionally 
men are unwilling to admit before a group of 
their fellow scientists that they are coimected with 
analytical chemistry because that seems, in certain 


quartets, to stamp them as low grade. Now why is 
that? 

Well, the reason no doubt is that in numerous 
industries where chemical control is praaiced the 
routine analytical work is carried on by boys who 
have no chemical background but who have been 
taught a certain series of manipulations, just as 
you or I might be taught to tat, knit, or crochet, 
provided someone could be found with patience 
enough to teach us. In their environment these 
laboratory boys are sometimes alluded to as 
“chemists” so the impression gets abroad, and 
r alfps root in the minds of some people who ought 
to know better, thatthat is what they are. 

We ought to pause for a moment at this point 
to cry out against those manufacturers who have 
hired someone to do routine testing for them and 
thereafter labor along under the delusion that their 
concern has a chemist. There are all too many com- 
panies like that, and the lamentable fact is that 
such companies don’t even know what a chemist is. 

Of course, it is true that in smaller concerns a 
chemist may have to do his own testing, and we 
do not for a moment mean to suggest that, when 
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such a condition exists, the work is unworthy of 
him. On the contrary, we should like to stress the 
point that no one engaged in chemical activity 
can afford to take the attitude that a real chemist 
is above having to think about analytical work. 
However, performing routine analyses should not 
be mistaken by anyone as the objective toward 
which chemists strive. If an organization has a 
place worth putting a real chemist in, it will prob- 
ably be worth while to give him a laboratory 
helper to relieve him of details that require a will- 
ing pair of hands but not a chemically trained head. 

The foregoing paragraph brings to mind a piece 
of work done under the supervision of a man 
whose well-known name brings thoughts of 
achievement to the minds of those who hear it, 
but who has unburdened himself from time to 
time regarding the status (or rather, lack of status) 
of analytical chemistry. The piece of work re- 
ferred to required several months for completion 
and represented an appreciable outlay in time and 
money. It had to do with learning what happened 
to a substance during a certain process. The ma- 
terial going into the process was analyzed, as were 
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the products and by-products coming out; all this 
for the purpose of determining how much of the 
substance went into the product, where it was 
wanted, and how much into the by-produa, 
where it was not wanted. Further, it would pre- 
sumably be found how the process might be varied 
to put more of the substance in its proper place, 
that is, in the product. But alas! After all the 
outlay of time and money the results were a 
meaningless hodgepodge. They didn’t fit and 
the accounts didn’t balance, so to speak. Not- 
withstanding this unfortunate lack of consistency, 
a voluminous and solemn-looking report, which 
tried to account for the discrepancies, was 
submitted to the organization that had paid 
to have the work done. After the report had 
been received and wondered about a little, some 
lowly chemist in the organization, who had an 
interest in analytical procedure, dug into the 
analytical methods that had been used. He found 
that, at one point in the vital analysis on which all 
the work rested, there was supposed to be added a 
certain reagent, part of which reagent was sup- 
posed to combine with the substance being deter- 


mined, and the remainder of whieh, or excess of 
which, was to be measured by suitable means. 
From the data thus obtained it was to have been 
possible to solve the problem. In the work as 
actually carried out no exce^ had been used. In 
fact, only 10 to 40 per cent of the amount neces- 
sary to combine with the substance in question had 
been used, to say nothing of an excess. As a result, 
the analyses were all “off” and the entire job was 
worthless. 

Obviously impossible, you think. No reputable 
consulting chemist could be caught in such a 
situation. Well, believe it or not, as the cartoon 
man would say, this thing aaually happened. 
This great and good man, who holds firm to a 
lofty belief that analytical chemistry is some- 
thing to be handled by the less capable, permitted 
money to be spent and human energy to be 
squandered on a project just because he didn’t 
make sure the fundamental analytical procedure 
was what it should be. 

Analytical chemistry may become routine, and 
frequently does, but never can anyone safely take 
for granted that it is not worth intelligent attention. 


It is really shameful the way we have run away 
from the subject of standards, which is what the 
present chapter originally set out to be about, but 
as long as we have gone into this matter of analysis 
as far as we have, we might go just a little further 
and consider for a moment the possibilities that 
analytical chemistry offers to men going into 
industry. If it is so all-important as we indicated a 
moment ago, perhaps it offers excellent chances. 
Perhaps ! As a matter of fact, however, it does not. 

There are some analytical jobs in the research 
departments of large companies which are not 
routine, which afford many interesting analytical 
problems, and which may lead to a fairly good, 
though never large, salary. But permanent jobs in 
analytical control work can never be looked upon 
as very desirable from the point of view of the 
trained chemist. 

In spite of the rather discouraging outlook that 
control analysis offers, a certain amount of it is 
very good experience, and in some organizations 
the control laboratory is aaually used as a training 
ground for newly employed college graduates. In 
such organizations the analytical-methods books 
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are virtually preliminary textbooks of the com- 
pany’s processes, so that from them an excellent 
general picture can be obtained of what goes on in 
the factory. In addition to this, such a training 
course gives an intimate knowledge of the raw 
materials and their properties, what characteristics 
make them acceptable and what ones make them 
impossible. An opportunity is afforded for becom- 
ing familiar with &e intermediate products at 
every important step, and a knowledge will be 
gained as to when they are right and when they 
are wrong. Similarly a thorough understanding of 
the finished products will be acquired. Knowledge 
thus gained, by working with samples day after 
day— hundreds of them — ^will be ground in and 
fixed in a manner that cannot be matched by 
simply hearing about them or observing them. 
If a company proposing to hire a young chemist is 
going to put him into the control laboratory for 
training purposes for a limited period of time, he 
may regard it as that much more schooling, with 
pay. But if the company is going to put him there 
for keeps, he had better be magnanimous and let 
someone else have the job. 


We cannot leave the subject of control analysis 
without mentioning one very important post in 
industry— that of head of the control laboratory. 
We say “post” because that is a word frequently 
used in connection with the word “diplomatic,” 
and, if the field of chemistry holds any diplomatic 
posts whatever, the job of head of a control labora- 
tory is at least two or three of them. 

Consider the irate foreman who has just 
drummed off 200 drums of some product that 
turns out to be a shade under specification. He will 
have to rework it all, thereby running his costs up 
and his standing with the management down, un- 
less the laboratory passes it. Are you sure, Mr. 
Laboratory Head, that your analyst did the work 
right? Don’t you think the stuff will get by with 
the customer, and can’t you pass it? 

Think of the superintendent who is going to 
have to report a big loss of material if the results 
of your analyses of his inventory samples are what 
they seem. Are you certain your workers shook the 
bottles before taking their samples out? 

Regard the sorrow of one of the plant chemists 
who sat up half the night taking hourly samples, 


which he left where you would find them in the 
morning and on which he would like two days’ 
work done by three o’clock this afternoon. Are 
you sure you can’t let something else go and rush 
these through? This is mighty important, you 
know! And if you do rush them through and they 
don’t turn out as they were supposed to, are you 
sure the results are accurate? 

Give thought to these and dozens of similar 
situations. Remember how many places there are 
where an analysis may go wrong. Keep in mind 
that your “analysts” are not chemically trained, 
that they are jx;st boys who have been taught to 
carry out certain manipulations. You will ap- 
preciate die difficulties met by the head of a con- 
trol laboratory. If ever a man needed patience, 
tact, and intestinal fortitude here is the place. In 
case you are looking for a character-building job, 
this one unquestionably is a “wow,” but unless 
you have a fund of patience greater than has been 
given to most of us, don’t cake it on for your life’s 
work if you can help it. 

What a confusion of ideas we have set forth 
about analytical chemistry. First we say it’s im- 


portant; then we say it offers no future. Next we 
say it is good training, and finally we close on a 
note of pity for the man responsible for control 
work. How about it all? 

Well, what we have tried to say may be summed 
up in something like this : Analytical chemistry is 
tremendously important. It should be thoroughly 
understood and its possibilities and limitations 
appreciated by anyone essaying chemical work, but 
it must be regarded primarily as a tool to aid in 
other lines. As a field with a future for the chem- 
ically trained, it is usually not a promising 
job. 

In discussing analytical chemistry so fully we 
have got considerably off the track, so let us return 
to our standards and mention again what was 
implied a while ago, that teaching analysts how to 
make tests calls for another set of instmction books 
as complete and detailed as those previously men- 
tioned as being necessary for the guidance of plant 
operators. 

When we consider how important it is that all 
these books, both those for the analysts and those 
for the plant operators, be not only accurate, but 
easily understood, we realize that one of the most 
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important attributes of a standards department 
man is the ability to organize his information 
logically and to write it clearly. And lest someone 
get the idea that it is necessary to write these books 
only once, let us hasten to point out that in mod- 
ern industry, with changes taking place as rapidly 
as they do, such books are in a constant state of 
revision. Clear writing not only is necessary when ■ : ■ 

the books are .first prepared ; it is needed daily. 

Finally, another phase of the work of a chemist 
in standards has to do with his relationships with 
other people. So much of his time is spent in 
bringing instruaions to the attention of factory 
operators and so much in checking up on the 
actual work of these operators that, unless he is 
able to gain their confidence and win their co- 
operation, they are apt to think of him as an 
enemy spy rather than a fellow member of their 
organization. Consequently the standards rnan 
must have not only a chemical training, the 
ability to write, an aptitude for teaching, and a 
sense for finding where conditions are not just as 
they should be, but also the knack of making 
himself welcome among the factory men with 
whom he has to work. 
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Chapter III 

RESEARCH AND PLANT DEVELOPMENT 

There are some who do research* work; into the deep, 
deep stuff they grope. 

Learned chemists. 

Bum! Bum! 

High- brow chemists. 

And others may nurse a process which some day will work, 
they hope. 

Earnest chemists. 

Bum! Bum! 

Patient chemists. 

Some work with hydrogenation machines, learning all 
their wondrous ways, 

And soon they’ll give xis castor oil we’ll think is mayon- 
naise, 

Then we won’t be <5uite ourselves again for days %* 
days ’n’ days. 

That’s lioc just chemis- 
tty I Bum! ^ 

That’s also physics! 



The word ‘‘researdi’ ’ is one of those choke ones 
that the nontechnical person recognkes as one he 

* You will not get the beautiful musical flow of the 
words in this passage if you mispronounce ‘Research.” 
The accent should be on the second syllable, thus, 
“There are some who do xtsearch work.” 
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has seen in some impressive connection, but the 
exact meaning and implications of which may be 
somewhat vague, hazy, and indefinable. It is 
one of those powerful words which, like radium, 
vitamin, electron, ultraviolet, and so forth, our 
brothers in the advertising fraternity use on us 
to stun, but not kill. But what does it mean? Such 
different things to different people! 

In chemistry there are some who act as if they 
felt that nothing less than a study of the ultimate 
composition of matter were deserving of the 
term “research.” Those are the chaps who read 
somewhere that “the permissible orbits” of some- 
thing or other “are regulated by the quantification 
of the angular momentum or rate of sweeping 
areas.” Then they run their fingers through their 
hair, if any, and continue reading, “So far as any 
are circles, their radii still proceed” from some- 
where to somewhere “as the squares of the natural 
numbers. ” Well, that’s that. 

The members of another group, while not insist- 
ing chat the word be reserved for any particular 
field, nevertheless hold a conviction that research 
must not be tainted with commercialism in any 
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way. It must be “pure” research and, by inference, 
the purer the better. 

In contrast to the foregoing there is that “prac- 
tical” group which craves greater yields from some 
perfectly respectable reaction that is already mak- 
ing a living for several thousand people. More 
completeness to that reaction means more divi- 
dends, and, while these “bigger yield” researchers 
are regarding the high-brow electron chasers and 
the other pure researchers with some awe and with 
perhaps just a tinge of pity, they will feel that 
research has nobly met an urgent need if it can help 
them to greater production. 

The dictionary, however, tersely informs us that 
research is “studious inquiry” and if we accept such 
a definition, even qualifying it as “chemical 
research,” the word becomes so all-embracing that 
it covers too big a field. 

Probably no two large industrial organizations 
include in their chemical research departments ex- 
actly the same types of work, and, since industry 
itself is not consistent in what the field embraces, 
it is not to be wondered that the matter is hazy 
to those outside of industry. 
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We can, however, get our bearings somewhat by 
arbitrarily defining research as that phase of 
“studious inquiry” into the chemical problems of 
industry which deals with more or less funda- 
mental problems and which is carried out, for the 
most part, on a laboratory scale. Frequently its 
objective is the acquiring of basic scientific infor- 
mation, the solution of problems that have no 
immediate practical importance. Anyone can, 
without a great deal of difficulty, pick plenty of 
flaws in this definition. For instance, all research 
departments spend an appreciable amount of time 
on problems that seem piddlin’ and certainly are 
far from fundamental. Again, all of them fre- 
quently have occasion to work on other than a 
laboratory scale. But as a means of giving a fairly 
accurate rough idea the definition still stands. We 
shall have more to say about research in a moment, 
but before we do we should say a word about 
another type of investigational work, namely, 
plant development. 

Plant development is a coined expression used 
to designate a particular kind of technical work in 
industry. It is, in general, applied to investiga- 


tional work that deals with problems of more or 
less immediate practical value and it undertakes 
the study of these problems, for the most part, in 
I equipment of larger than ordinary laboratory scale. 

It may be thought of as research in tubs and tanks 
rather than in beakers and flasks. As with our 
definition of research, plenty of objections can be 
raised against this definition. Frequently plant de- 
velopment work deals with fundamental problems 
of no immediate practical value and often it in- 
volves a great deal of laboratory work. In spite of 
the inadequacy of the definition, however, it will 
serve to outline the general field that we consider 
as belonging to plant development. 

One can readily see that there will be a good deal 
of overlapping between the fields that we have j'ust 
defined. Because of this we are going to discuss the 
two together and we are not going to try to draw a 
distinction between that which we consider as 
belonging to one and that belonging to the other. 
In industry the actual division between the two is 
dependent on many local factors that need not be 
considered in the general survey we are about to 
undertake. 



Research and plant development concern diem- 
selves, of course, with the three major divisions 
that we have been using throughout our discus- 
sion, namely, raw materials, processes, and finished 
products. To the layman it may appear strange 
that in a well-established business there should be 
much occasion for investigational work in these 
fields, for it would seem that a concern that had 
been operating a hundred years, or fifty, or even 
five, would have things pretty well worked out. 
The trouble with that thought, however, is that 
it presupposes a fixedness about production that 
does not actually exist. As a matter of fact, prac- 
tically nothing in industry remains the same. 
Changes in markets, in styles, in living habits, in a 
thousand and one things, necessitate corresponding 
modifications in manufacture, and as a result the 
successful industry must keep alive to the possi- 
bilities of things being different and must be 
prepared to meet altered conditions. 

Consider the rubber tire for instance. It used to 
be guaranteed for 3,000 miles and it was so hard 
that every jolt that the road gave it was promptly 
passed on to the motorist. Now we have tires (or 


at least we did till the Japs got active) whidi are 
easily good for 20,000 irriles and which are so 
cushionlike that, instead of passing road shocks on, 
they absorb a great proportion of them. What is 
the difference? Recent tires still had a foundation 
of cotton covered over with rubber that had been 
compounded with certain additional things. As 
the study of tires progressed, there were new “addi- 
tional things” which the old-time tires did not 
contain and which made the advantages of the 
newer ones possible. And the hunt for “additional 
things” goes constantly on ! What effect has this 
ingredient? What that? Why does the product fail, 
and how can we overcome that failure? As a result 
of that constant study we find today’s latest 
“rubber” tires made on a foundation of rayon in- 
stead of cotton and without rabbet at all! 

Again, consider the trusty bar of soap. For years 
it helped the washboard keep us spick-and-span, 
but then came the washing machine. The bar had 
to be whittled up so it would dissolve faster. 
Enter the soap chip. But why stop there? If a chip 
will dissolve more quickly than a bar why not 
something even more rapid? The answer was the 
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granule, which is a soap bubble, literally, in the 
wall of which the soap is so concentrated that 
the bubble hardens and retains its form. But in this 
field, too, the study has gone on until the most 
recent granulated “soap” products are made with- 
out the chemical compound soap at all. 

Even without these constant changes there is 
room for a great deal of study in practically every 
industry, for in very few, if any, is everything 
being done so well that improvements cannot be 
introduced, and further study in almost any line of 
endeavor will bring beneficial results. 

To start a consideration of specific problems let 
us assume we have chosen some industry to study 
and let us consider the raw materials that are 
being tised. We can even start our study before the 
actual processing of the materials begins. Suppose 
we pick out one item and give some attention to 
some of the questions we can ask ourselves con- 
cerning it. 

What are the effects of various storage condi- 
tions on this material we are considering? If the 
effects are adverse, what can be done about it? 
Does the material deteriorate with age? It may be 

35 


something that oxidizes, dries out, decomposes, 
ferments, or in some other way loses value upon 
keeping. If so, can some special condition be de- 
vised to protect it? 

Again, we may ask whether temperature of 
storage is a factor. If so, is a cooler place (or a 
warmer one) available? Does humidity affect it? 
If so, how can we keep it dry (or moist) either 
through choosing some different place of storage or 
through installing suitable humidity-control equip- 
ment? What action, if any, does light have on it? 

If there are difficulties encountered in storage, 
can they be overcome by conditioning the raw 
material before storage? For example, cottonseed, 
brought in wet condition to a mill, deteriorates 
markedly because the oil held in the seed develops 
an “off” flavor when moisture is present. Con^- 
quently drying the seed before storing is an aid in 
preserving the quality of the oil held within the 
seed. 

Still another way of conditioning raw materials 
before storage is to process them partially so as to 
get them past the stage where deterioration will 
take place. 
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Turning now from the storage of raw materials, 
we may ask how variations in the quality of each 
raw material affect the yield or quality of the 
finished product? What happens if the material is 
not up to its proper strength? Obviously if we ac- 
cept something that is below strength, diluted, 
or adulterated, we are paying for something we do 
not get, but are there serious consequences in 
addition to that? 

What about the effect of impurities? These may 
reduce the activity of the raw material chemically. 
For example, nickel catalyst becomes relatively 
ineffective if it contains any of the well-known 
catalyst poisons. Impurities may injure the quality 
of the finished product through some physical 
effect, as would be the case if a dark rosin were 
used in place of a lighter one in ester-gum manu- 
facture. Obviously such a substitution would result 
in a darker colored ester gum. 

How about the intentional addition of some 
substance to our raw material? For example, 
chlorophyll, a coloring matter sometimes used to 
make soaps green, has a much higher tinctorial 
power if a little copper salt is added to it. From 


the standpoint of the supplier of chlorophyll, 
therefore, it would seem like a smart thing to add 
copper, thereby giving his product a higher tinting 
power or enabling him to add some inert diluent 
so he could offer chlorophyll of a definite tinting 
power at a lower price. But how would this be 
from the standpoint of the soapmaker? It just 
happens that certain metallic salts, and those of 
copper in particular, promote the rancidifying of 
soaps materially. Obviously, then, the introduc- 
tion into soap of a copper-containing chlorophyll 
is actually a very undesirable thing. 

We may next turn to a study of whether we 
can improve the quality of our raw materials by 
treating them in our plant before use. If impurities 
are harmful we can investigate whether purifica- 
tion is feasible, and, if it proves to be, we may 
want to add that as a normal step in our 
process. 

Again, some form of activation of our raw 
material may prove helpful. This sometimes may 
be a chemical activation, such as the treatment 
of a bleaching earth with acid to make the earth 
absorb colors more readily, or it may be a physical 


activation, such as the finer grinding of some 
pulverized material that is to enter into the 
reaction. 

Turning from the raw material itself now, what 
about the containers our raw material comes in? 
Would the substance be kept in best condition if 
it came in bags, barrels, boxcars, or what? Or 
would it come in just as good condition, but at a, 
lower price, if we bought it in some other form 
of container? 

Still another point to corsider about raw 
materials is whether we can do more than we are 
now doing in the matter of recovering and re- 
using the materials. Of course, most raw materials 
are used up in the process, but frequently there 
are some that are not. For example, a decoloriz- 
ing carbon, after being used, still offers some possi- 
bilities, for it may be washed and subsequently 
treated to reactivate it, thus becoming available 
for reuse. But does such reactivated material give 
as good results as does the new, and can it be recon- 
ditioned more cheaply than the new can be bought? 
There is no use bothering to recover it unless some 
advantage is to be gained therefrom. 
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So mixch for existing raw materials. What 
about substitute raw materials? The immediate 
reaction to that question probably is that, if the 
present materials are proving satisfactory, why 
bother with casting about for substitutes. To that 
point the answer is simple. There are three 
reasons for looking for alternate raw materials. 
One is to enable us to make a better product. The 
second is to enable us to make the same quality 
of product at a lower cost or by means of more 
advantageous processing. The third, and in 
wartime perhaps the most important of all, is to 
permit us to continue making a product when 
the customary raw materials have become 
unobtainable. 

Considering the matter of cost for a moment, 
we can readily see that it will be to our advantage 
to have raw materials that are interchangeable so 
that we can take advantage of fluctuating market 
conditions. If we have a choice of two or more 
materials for a single use we can buy the one that 
is currently the best value. Incidentally, it is a 
pleasant situation if we can let the man who sells 
us our raw material know that it is possible for 
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US to get something elsewhere that will serve our 
purposes. It keeps him so much more reasonable 
and attentive. 

Right here, incidentally, seems to be an excel- 
lent place to make a very important point in 
connection with our raw materials. When we are 
buying raw materials we are buying, not goods, 
but rather what the chemist calls “properties.” 
In other words, we are buying characteristics or 
attributes. What does that mean? Just this. We 
are concerned, not with what the materials are, 
but with what they will do. For example, suppose 
our factory is a paint factory and that we are 
buying white lead to make paint. In the last 
analysis, when we buy white lead the thing we 
are really after is not white lead at all, but rather 
that property or attribute which is desaibed as 
“covering power.” What we want is something 
we can put in our paint which will cause the 
paint, when spread on a surface, to cover that 
surface and make it look white. Of course, there 
are incidental factors such as the effect on the oil 
in the paint, the effect on the life of the paint film, 
and so on — ^but the primary thing we are buying 



is white covering power. If we can get the same 
effect from some zinc compound or some titanium 
compound or any other kind of a compound, we 
are interested in it, assuming that its effect on 
other factors, such as durability of the paint 
film, and so on, is not objectionable in some 
way. 

If there are two or more raw materials that 
have the properties needed for a given manu- 
facturing process the next problem becomes one 
of evaluating them. One may cost twice as much 
per pound as another, but if its effect is twice as 
great it may well be worth the difference. In fact, 
it may permit some operating short cut or con- 
venience which makes it more desirable even 
though its actual effect is not twice as great. With 
the foregoing in mind, then, we can see that our 
study of substitute raw materials may follow 
along several lines. 

Among other things we shall make a compari- 
son of kindred raw materials. If our process, for 
example, is a textile process in which palm-oil 
soap is used, how about using tallow soap or 
olive-oil soap or oleic-acid soap in its stead? 
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Again, we shall study the effect of blending raw 
materiak or the intentional addition of foreign 
substances. Perhaps a catalyst that we are using 
can be made more aaive by adding to it a small 
percentage of some other material that by itself 
is no catalyst at all. 

We shall study materials with similar proper- 
ties. If our problem is one of heating a still, for 
example, shall our source of heat be a solid— coal 
or coke — or shall it be liquid-fuel oil — or shall 
it even be gaseous- — natural or artificial gas? 
Economy may suggest one; simplicity of opera- 
tion may demand another. We must consider the 
merits and shortcomings of each for the particular 
problem at hand. 

Perhaps we can improve the quality of our 
raw material, or get the same quality at a lower 
price, by choosing a rnaterial made by a proces: 
other than the one ordinarily used. For example, 
if we are using aniline in our process, we have a 
choice between that synthesized from nitrobenzol 
on the one hand or from chlorobenzol on the 
other. Is there any preference, under our particular 
conditions, for one over the other? 
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Again, if our raw material is a natural one, 
differences in treatment of it may mean differences 
to us. Copra (coconut meats), which is used to 
make coconut oil, is frequently dried where it is 
grown and shipped to some other point to have 
the oil pressed out of it. The drying may be sun 
drying or it may be kiln drying. Does it make any 
difference in the mill when the oil is pressed out 
which method of drying has been used? 

Or we may choose a synthetic raw material in 
place of a natural one. If the price of a natural 
product gets too high, or if its source is no longer 
available to us for some reason, a material of 
synthetic Origin is frequently substituted for it. 
The war has brought many instances of this sort 
of substitution, for example, synthetic rubber. 
Sometimes we choose a natural product from 
one geographical location in preference to that 
from another if quality or cost factors make this 
desirable. 

Still another possibility to be considered in 
connection with raw materials is making these 
ourselves instead of buying them. The determining 
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factor in deciding whether this is wise or not is 
usually one of cost. 

What about the physical form of the materials? 
This has to be considered not only from the 
standpoint of cost, but also from that of con- 
venience of handling. Is it to our advantage to 
receive it as a solid or as a solution? For example, 
calcium chloride is available in solid form in 
metal drums, but it is often used as a solution. 
Hence, to use it from the drums involves splitting 
open the container, breaking out the chunks of 
material, dumping them into water, and dissolv- 
ing, all of which costs money. On the other hand, 
the material can be bought in solution in tank 
cars. To use it when purchased in such form 
involves simply pumping it, or even just allowing 
it to flow, out of the tank. But when it is bought 
in solution there is the matter of paying freight 
on water. Under the conditions of our particular 
plant, which is the cheaper? 

In the case of some solid materials there is a 
choice between flakes, with their relatively great 
surface exposure, and cakes, which are compact 
and hence easily handled. Stearic acid, for ex- 
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ample, can be had in either form. Is it more 
advantageous to ns to have the one or the other? 
Price and convenience again have to be considered. 

Turning now from raw materials, we take up 
the work of the technical investigator in connec- 
tion with processes and equipment. The first thing 
we shall want to do is to acquire a thorough un- 
derstanding of each step in the process as it is 
being carried out and of each piece of equipment 
that is being used. What are the chemical reactions 
involved? What physical changes are brought 
about? Why is the temperature of the reaction 
what it is? If a vacuum is maintained, how 
much and why, and what would happen if it 
were more, or le^? As to the equipment, we 
must know not only just what chemical and 
physical changes are going on in each unit and 
why those changes are desirable, but also what 
conditions of the equipment are favorable to the 
beneficial changes and what ones promote detri- 
mental changes. To learn the latter we shall have 
to study systematically such factors as time, tem- 
perature, load, and so forth. For example, if the 
piece of equipment we are studying is a still, 
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what is the most desirable-sized charge to feed 
to it at the start of the operation? How rapidly 
should distillation be carried out? If the still is 
operated under a vacuum, how much of a vacuum 
should be carried? Questions supplementary to the 
foregoing are: What will happen if a larger charge 
is fed? A smaller one? What if the distillation is 
carried on more rapidly? More slowly? What is the 
effect if a higher vacuum is employed? A lower 
one? If some desirable end cannot be attained 
without, at the same time, some undesirable 
condition entering in, then what can be done to 
obtain the beneficial effects without the detri- 
mental ones? 

To help in gaining an understanding of the whys 
of both the process and the equipment, one of the 
first and most important tasks which the investi- 
gator can set for himself is to make a set of “toy” 
equipment. On the face of it that may sound a 
little silly, but one of the fundamental jobs in 
connection with the studying of a process is to be 
able to carry it out on a laboratory scale with such 
exacmess that the results obtained in the labora- 
tory can be reproduced in the plant. It is to enable 
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the investigator to do this that the small-scale 
equipment is necessary. 

To the man who has not tried to duplicate 
plant performance on a small scale the difficulty 
of such an undertaking may not be apparent. But 
whm we consider, for example, the difference in 
the time it takes to cool a beaker of liquid from, 
say 100°C. to 25°, just by letting it stand at 
ordinary temperatures, as compared with the time 
required to cool, say, 5,000 gal. of the same 
material stored in a tank, over the same range of 
temperature, we begin to get an insight into some 
of the difficulties involved. Let us suppose crystals 
are separating from this solution. Those deposit- 
ing from the relatively quickly cooling beaker will 
certainly be far different from those separating 
from the slowly cooling large mass. Or again, 
let us suppose the material is liquid at 100°C. 
but solid at 25°, and let us assume that our 
problem is one of settling out certain constituents 
from the liquid. Obviously the slowly cooling 
large mass will have a much greater opportunity 
to settle before it solidifies than will the quickly 
cooling beakerful. We therefore have to devise a 


means of cooling the small mass at the same rate 
as the large. It may be that ordinary laboratory 
equipment can be used to duplicate the plant 
conditions we are studying, but the chances are 
that it cannot. The resourceful investigator not 
only makes use of the standard equipment avail- 
able, but also calls on the glass blower, the 
machine shop, and the carpenter shop to devise 
small-scale units for reproducing the conditions 
existing in a factory process, 

It hardly seems necessary to discuss it, but some- 
one may raise the point as to why we want to 
experiment on a small scale. Why not do our 
experimenting on the regular production units? 

Sometimes the large units can be used to 
excellent advantage and when they can it certainly 
is preferable to use them. However, there are two 
very good reasons why that usually is not a 
feasible plan. In the first place, production units 
are ordinarily being used by production men to 
produce, and the experimenter is an intruder, a 
“clutterer-upper” of normal free-flowing activity 
who is not going to be warmly welcomed. He 
cannot carry on his work without being in the 
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I way and consequencly he is usually kept out. In 

"i the second place, when one is experimenting he is 

I gambling on the outcome. True, he probably 

I plans his experiment to give a favorable result, 

I but things may not happen as he expects, in 

I which case it is ever so much more comfortable 

I to ruin a few hundred grams of material than a 

''r few thousand pounds. 

If it remains necessary to carry on experimenta- 
tion on a production scale the two factors we 
have just mentioned will prevent a lot of experi- 
ments ever being tried at all. Every investigator 
sooner or later gets ideas so crazy he would not 
feel like risking their trial on a big scale, but in a 
small unit he is willing to take a chance. And 
sometimes such crazy ideas work. 

The small-scale equipment frequently can do 
things which large-scale cannot. For example, 
it is frequently easier to get a high vacuum on a 
small scale still than on one of a full plant size. 
Consequently with our small-scale equipment 
we may be able to go even further than before 
in a systematic study of the results obtainable by 
varying the conditions of the process. The factors 



which we gave attention on our plant-size equip- 
ment, can receive a more complete and detailed 
study when our small-scale equipment is available. 

The nature of the process we are studying will, 
of course, suggest what variables are worth 
looking into. It is not practicable to try to set 
down all the types of things that are worth 
studying. But an active imagination turned loose 
on any process will think of many things that 
will bear studious inquiry. 

Such a survey of the effects of varying a 
process as we have just discussed will, in all 
probability, result in the finding of ways of 
simplifying the process or of altering it in some 
beneficial manner. 

Again, small-scale equipment and a thorough 
understanding of die process can sometimes be 
turned to advantage in locating trouble in large- 
scale production. Tme, after we have gained a 
thorough understanding of the process through our 
study we shall have less difficulty in our big-scale 
operation. But let us assume that in a process con- 
sisting of several steps some trouble has arisen in 


the large-scale operation which we cannot correct. 
Our miniature equipment proves a valuable tool 
in determining the source of the difficulty. We 
take a sample of the product after the first step of 
the process and finish it in our small-scale setup, 
where we can control conditions very carefully. 
The finished product from the sample turns out 
to be standard. That gives big-scale operation 
No. 1 a clean bill of health, for if the sample had 
been off, the damage would have been done to the 
product that was finished up in the small-scale 
unit. 

Next we take a sample from big-scale operation 
No. 2 and finish that up on our small equipment. 
This time perhaps tlie finished product comes out 
subnormal; we have therefore convicted operation 
No. 2 of being at least partially responsible. 
Similarly we check the odier operations in turn 
and then, having found which one, or ones, are 
giving the trouble, we concentrate our investiga- 
tion in the plant on those ooints which have been 
shown to be wrong. 

Another use made of the small equipment is in 
the application of a process to other materials. 
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Suppose we have developed a machine for puffing 
wheat to make breakfast food. What will we get 
if we puff other materials with it? For example, 
can we take some organic waste product and, by 
puffing it, develop a porous product that is suit- 
able for insulating purposes? 

Still another use of the small-scale units is in 
the production of small batches of either regular 
or special materials for submitting to prospective 
customers. Suppose our plant units cannot operate 
on a quantity less than 30,000 lb. and that one of 
our most important customers has asked for a 
lO'lb. sample of a particular product which we 
haven’t in stock. It is a real help to have a small- 
scale unit, which will enable us to make the 
proper-sized batch and at the same time to dupli- 
cate plant production. 

So far we have kept our investigator on existing 
processes and equipment. What about new pro- 
cedures and new machines for making the same 
products? 

There are two reasons for considering a change 
— to produce a better product and to produce a 
product of the same quality at a better price. But 
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with these two objectives before him every alert 
manufacturer is constantly on the lookout for a 
better way of doing what he is doing or for better 
tools with which to do it; and his research and 
plant development men are looking for new 
processes and new equipment to replace or alter- 
nate with existing ones. 

There are three distinct sources of ideas for new 
processes and equipment. 

1. There are, of course, ideas that originate 
within the company. Men who are constantly 
working on any product or line of products will 
naturally get new ideas for producing their 
products. 

2. The technical literature, particularly current 
periodicals, will oftm suggest processes or new 
reactions to be tried out or equipment modifica- 
tions to be considered, 

3. Outside interests, either other technical 
organizations or, sometimes, an independent in- 
ventor, will suggest something new for considera- 
tion, From whatever source the new idea may 
come it must be carefully analyzed, its advantages 
and disadvantages weighed, and a decision 
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reached as to its value in comparison with that 
which is already in use. 

We turn now to the investigations of the 
research and plant development departments on 
the finished products. In the first chapter we indi- 
cated that much of the work on these would be 
done by a separate unit, the products service 
department. However, there is also a large field 
of study on products that belongs to the research 
and plant development departments. In fact, all 
the work that these departments do on raw 
materials, processes, and equipment is, in the final 
analysis, for the purpose of improving the 
product, making it last longer, making it cheaper, 
or obtaining some other beneficial result. So in a 
sense everything we have said in this chapter has 
had a bearing on products. Furthermore, in order 
to be able to direct their efforts toward a uniform 
or an improved product, these departments must 
have before them a rather accurate picture of 
what the desirable qualities of the product are. 
They must learn not only what the physical and 
chemical characteristics are that make for a good 
product, but also the effect of variations in these 


charaaerisdcs on the value of the finished produa 
in use. 

In all their studies of raw materials, processes, 
and equipment, the research and the plant develop- 
ment departments will direct their attention to- 
ward learning how they can maintain the desirable 
characteristics of the products involved, or even 
improve them. They w;ill seek to give the product 
a better appearance, color, odor, feel, and so forth, 
and they will try to improve its performance 
through making it work faster or more thor- 
oughly. If the product happens to be one that 
deteriorates with age, they will try to make it 
keep longer. They will work out proper storage 
and warehousing conditions, taking into account 
time, temperature, humidity, and other factors, 
just as they have to consider these in connection 
with raw materials. 

They will work out proper containers, pack- 
ages, and wrappers. This will involve studies of 
materials such as paper, cardboard, inks, ad- 
hesives, cans, bottles, and so on, and it will call 
for tests such as warehouse tests and trucking, 
shipping, and storage trials, together with in- 
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vestigations of the feasibility of shipping in bulk 
in tank cars or boxcars rather than in smaller 
containers. 

The studies of the research and plant develop' 
inent departments vi^ill not be confined to the 
existing products. The workers in these groups 
will constantly be on the lookout for new products, 
as well. Such new products may develop from 
various sources. For example, an existing product 
may be so modified that it is put on the market 
as a new brand. Such was the case when ordinary 
gasoline was transformed, by the addition of 
tetraethyl lead, into an antiknock gas. Again, a 
new product may be developed which will 
supplement an existing product. Such a case was 
the making of an automobile polish to be sold 
as an adjunct to the normal gas and oil business 
of a filling station. As another possibility, a new 
product may develop from the application in an 
entirely different field of some material which is 
currently being processed. For example, the 
petroleum industry introduced a brand-new line 
and entered a new merchandising field when it 
added to one of its distillates, which is a close 
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relative of gasoline and kerosene, an appropriate 
amount of pyrethrum extract, tliereby producing a 
very effective fly spray. 

Another source of ideas for new products comes 
through the working up of by-products. For 
example, the problem of still residues in the coal- 
tar industry led to the development both of a 
very satisfactory road material and of a good 
roofing. 

Another phase of the work of the research and 
plant development departments on products has 
to do with their duplication of competitive 
products or the development of new products to 
compete with the competitive ones. 

Having carried our investigational work from 
raw materials to fiinislied products, we can now 
consider a few additional fields of work that are 
carried on in conjunction with those which we 
have already discussed. 

The first of these is library work. It is fairly well 
known that the logical beginning of any study is 
to find out what, if anything, is already known 
on the subjea, and the normal place to turn to 
find that out is to books. In a small company 
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every investigator will, of course, have to do his 
own library work and perhaps even supply his 
own library. In larger organizations, however, a 
library is usually maintained which contains 
books and periodicals pertinent to the industry. 
When such a library is provided it is often pre- 
sided over by a technically trained librarian whose 
duties include the following: 

1. To see that the library does contain the 
literature that is of value to the organization. 

2. To read the literature dealing with the 
industry concerned and to be sure that the variorxs 
members of the chemical staff see such books or 
articles as would be of help to them in their 
particular line of work. 

3. To look up specific facts or lines of informa- 
tion for chemical division staff members. While 
it is, of course, obvious that any investigator will, 
himself, want to keep well abreast of the knowl- 
edge in his field, nevertheless there are frequently 
times when particular facts or lines of study need 
to be run down and it is often in the interest of 
efficiency to have one person who can do that 
sort of thing for the organization. 
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4. To save some of the wear and tear on the 
somewhat rusty French and German of staff 
members by doing a certain amount of translating 
for those who need that kind of help. 

The second additional field we want to discuss 
is patent work. Naturally systematic investiga- 
tion leads to patentable ideas, and it is important 
that these be properly taken care of. Hence in 
large organizations a patent department is main> 
tained for that purpose. Its duties are : 

1. To keep informed on patents, both foreign 
and domestic, that deal with matters of interest 
to the organization. 

2. To call to the attention of the members 
of the chemical staff such patents as may be 
of interest to them. 

3. To prepare and file applications for patents 
on ideas developed within the company. 

4. To follow up these applications with the 
Patent Office, studying the office actions that are 
taken on the various applications, preparing and 
filing proofs of invention, and preparing suitable 
amendments in line with the Patent Office 
requirements. 


6o 


5. To supply the technical aid necessary in 
patent suits. 

One may wonder from the foregoing whether 
this job is one for a chemist or a lawyer, and the 
answer, of course, is that the man who handles 
the job successfully must be something of both. 

The third additional field of work spreads itself 
over many other fields. It is the selection or 
development of proper analytical methods. We 
have already had quite a lot to say about analytical 
chemistry, much of it very discouraging, but the 
subject we are about to take up here is vitally 
important to successful manufacture. While the 
control laboratories and the standards depart- 
ment are responsible for actually doing the 
analytical work, the research department is the 
one primarily responsible for developing die proper 
analytical methods. 

Suitable analytical methods must be chosen to 
evaluate raw materials, control the processes, and 
assure the quality of die products, but because 
such analytical work is a direct charge on manu- 
facture it must not be allowed to cost any more 
money than is necessary. Consequendy short cuts 
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must be developed where possible. Analyses must 
be put on a production basis. When feasible, 
advantage must be taken of such rapid measuring 
instruments as the microscope, the refractometer, 
or the spectroscope. Often special machines can 
be developed to promote speed and economy. 

In addition to the control analyses, most large 
manufacturers run “accounting analyses.” As 
suggested by their name, these are for the purpose 
of keeping proper accounts of materials. In other 
words, diey help the cost department to maintain 
a “material balance,” just as you or I keep a bank 
balance, or try to at least. 

Still other analytical work often is necessary in 
following current research or plant development 
problems. Sometimes known methods can be 
adapted to this, but often entirely new ones have 
to be worked out. Inasmuch as the research in 
question is to be interpreted or evaluated in terms 
of the analyses made, it is, of course, essential 
that the analytical work be properly done. 
Because the analyses on investigational work 
often are not of a kind that can advantageously 
be done by the “lab boys” who do routine work, 


they are carried out to best advantage by analysts 
of a higher degree of skill, working directly in 
the research department. 

There is always a certain amount of work to 
be done in standardizing the analytical methods in 
use in one’s own plant with those of outside 
agencies, such as the government laboratories, 
technical societies, suppliers of raw materials, 
customers, and others. Purchases or sales may be 
involved, or it may be merely some cooperative 
work for the sake of a better understanding in 
some industry, but, whatever it is, it calls for 
painstaking technique. Here again an analyst with 
really good chemical training is essential. 

Another analytical problem which frequently 
comes to the fore is that of developing a means 
of expressing intangibles, such as color, odor, con- i 
sistency, and so on, in numerical terms. We can 
argue interminably about some of these things 
because they are matters of personal opinion or 
do not lend themselves to being accurately 
described. You and I can agree today, perhaps, as 
to which of two objects is the whiter, but how 
shall we record our findings so someone el^ may 
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know a year from now how white was the white 
we saw? When we can learn enough about some 
of these factors to be able to report them in 
measurable units we add another valuable tool 
to successful manufaaure. 

A final field of the research worker is a sort of 
catch'as'catch'can one. You may be surprised to 
find it included as part of the job, yet sooner or 
later it bobs up in practically every company. It 
involves doing all sorts of odd chores for indi- 
viduals within the organization, and it may range 
all the way from learning something of the 
mineral content of the unparalleled water that 
flows from a hidden spring at the vice-president’s 
summer home to prescribing a treatment to rid 
the sales manager’s swimming pool of objection- 
able algae. Or some member of the organization 
may be elected to his village water board, and 
you may have to help him work out a suitable 
water-softening plant for his community. It is 
clear, of course, that work of this sort doesn’t 
make much money for the company, but it is a 
type of service that it is sometimes better to 
render than refuse. 
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The ultimate in this sort of work that ever 
came to the writer’s attention was a request 
from a purchasing agent who had remained a 
bachelor for many, many crusty years and then 
finally took unto himself a wife. The pent-up 
romance of all his solitary life burst forth in the 
sentimental request that the laboratory take the 
orchids that his bride had worn and preserve them 
in some effective manner so that they could be 
handed on to posterity, if any. And that from a 
purchasing agent! 

We are reaching the close of our chapter on 
research and plant development. Logically, we 
should sum up what we have had to say in a few 
concise sentences. But when we try to do that we 
find ourselves balked by the fact that the territory 
covered has been so broad it doesn’t want to 
condense. Let us not try it. Let us leave the 
subject with the observation that the “studious 
inquiry’’ with which the research and plant 
development departments concern themselves 
leads into every crevice and cranny of the manu- 
facturing piaure. 
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Chapter IV 

PRODUCTS SERVICE 

Now some of us call on the customer to find out what 
he wants. 

Traveling chemists. 

Bum! Bumf 
Inquiring chemists. 

And some ot us run complaints down, bearding kickers in 
their haunts. 

Unraveling chemists. 

Bum! Bum! 

Perspiring chemists. 

Some explain our wares In our salesmen’s schools so those 
boys will be wise, 

And some of us try to work out new ideas to advertise 
So folks will buy fromus instead of frorn the other guys. 

But we’re chemists. 

Bum! Bum! 

We’re the chemists. 

After all is said and done, a business thrives 
and grows, if it does, because of one class of 
people— its customers. To be sure, good equip- 
ment, efbeient manufacturing technique, and 
skilled permnnel contribute to the production of 
goods that attract buyers, but it is the buyers 
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themselves who supply the money to improve 
factories, to buy better equipment, to pay wages, 
and to disburse dividends. With the realization 
of the importance of the customer it becomes clear 
that a fairly careful study of his likes and dislikes 
is in order. To gather information concerning 
this all-important person and to help devise means 
to serve him better is the function of the products 


service department. 

Obviously if we are to learn anything about a 
customer’s reaction toward our products we 
have to develop his point of view and appreciate 
his problems. The surest way to do this is to use 
our products in the same way and for the same 
purposes as he uses them. Thus, if we are selling 
the laundry trade, for example, we shall do well 
to study the laundering processes, to learn the 
principles involved in successful laundering, to 
learn the effect of various cleansing materials, to 
develop the very best practices for meeting certain 
specific conditions. In fact, we shall apply to the 
laundry the very same principles which we dis- 
cussed in Chaps. 11 and III as applying to our own 
business. This means we shall make laboratory, 

67 



semiplant-scale, and full-plant-scale studies of the 
laundering process. In other words we shall go 
into the problems of our customers so thoroughly 
that we shall be qualified to serve as a consulting 
laboratory to those industries that use our 
products. 

If an organization is to be prepared to serve 
in the capacity indicated above two things are 
necessary. In the first place, technical men have 
to be put in a position to meet the customers. 
They have to “come out of the kitchen,” put on 
their Sunday suits, and circulate in the trade more 
or less as if they were bona fide, garden-variety 
traveling men. In the second place, these men 
must have a suflEciently good technical back- 
ground to be able to do for the industries they 
visit substantially the same sort of work that 
our research and plant development men do for 
our own industry. Of course their major attention 
is devoted to that portion of the industry to 
which they are selling which concerns itself with 
our products, but they cannot stop there. They 
must be ready, if necessary, to undertake work 
on other raw materials used by the industry, on 
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equipment, processes, packaging material, in fact 
anything that may come up. There are, of course, 
practical limits to how far they are justified in 
working on problems not immediately connected 
with their own products, and someone may well 
ask why they should spend any time at all on 
problems other than those dealing with the use of 
their own commodities. To that question there are 
several answers. 

In the first place, there cannot be a proper 
understanding of the requirements of our product 
unless there is' some knowledge of the related 
problems. 

In the second place, if a complaint on our 
product arises it Is not enough to assure a customer 
that we have checked the quality of our material, 
that we have found it satisfactory, and that his 
difficulty therefore must lie elsewhere. We are in a 
much better position if. In addition to reassuring 
the customer about our product, we are able to 
help him locate the actual cause of his trouble. 

In the third place, this more thorough knowl- 
edge of the customer’s problems may lead to the 
discovery of new uses for our products, uses in 
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phases of the customer’s work other than the 
ones in which he happens to be using our products 
at the moment. Or we may find a problem that 
can be solved by the development of a new 
product. An example that illustrates this last 
point is the introduction a few years ago of a 
new shortening to the baking industry. For a long 
time practically everyone had recognized that 
bakers’ cakes did not taste so good as housewives’ 
cakes, but no one ever did much about it except 
to urge the baker to make better ones. Compre- 
hensive instmctions, or even pertinent suggestions, 
on how he was to do it were lacking. In fact, no 
one knew exactly why bakers’ cakes were different. 
Then a real study of the matter was undertaken 
by a group of chemically trained men. The first 
thing they did was to take an almost endless 
number of household cake recipes, to classify 
them, and then, so they could be compared with 
bakers’ formulas, to convert them from cupfuls, 
teaspoonfuls, pinches, and so forth, to pounds 
and ounces. The result was a revelation. No 
wonder the bakers’ cakes and those of the house- 
wife did not taste alike. Below is a typical com- 


parison of homemade cake and old-style baker’s 
cake, both calculated on the basis of 100 lb. of 
flour. It will be noticed that, where the housewife 
uses sugar in the ratio of 118 to 100 lb. of flour, the 
baker used only 90. Similarly, where the house- 
wife used 55 eggs the baker used only 42. Cor- 
responding differences may be noticed in the 
other materials. You would not expect cakes made 
from such difierent proportions of ingredients to 
be very much alike, would you? 


Ingredients 

Old-fashioned 
baker’s cake, 
pounds 

Homemade 

cake, 

pounds 

Flour 

100 

100 

Sugar. , ...... ... ........... . . 

90 

118 

Eggs... . . . . 

42 

55 

Milk, 

58 

66 

Shortening. .......... ..... . . . . 

35 

48 

Salt.'. . . ' — ............ . 



Baking powder. . . . 1 

3 

■ 4-’ 


The next logical step was to make up a baker’s 
formula patterned after that of the housewife. 
When this was done, however, the result was a 
sad one. The cake mixed on the machinery that 
the baker used “fell” and was wholly inedible. 
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Yet to maintain production he had to work on a 
large scale, and it was his machinery which 
enabled him to do so. To make a long story short, 
a shortening was developed that enabled the 
baker to use proportions of ingredients comparable 
to those in the housewife’s own recipes and yet 
to employ his machinery to produce cakes in 
quantity. Thus a new product, developed as a 
result of chemists’ studies of customers’ needs, 
has revolutionized the established practices of an 
entire industry. 

Next we turn to a phase of the products 
service department’s activity quite different from 
the foregoing. The familiarity with the custom- 
ers’ requirements previously discussed furnishes 
the backgrotxnd for a testing unit that may be 
designated as a “quality-control unit.’’ We 
learned in our chapter on “Standards’’ of the 
careful analytical control exercised in a modern 
factory to maintain a uniformly high quality. 
But that control is based on certain analytical 
measurements. As a check on that, the quality 
control unit of the products service department 
inspects and uses samples of the various products 


in the same way the ultimate consumer will use 
them. For example, if it is a shortening that is 
being manufactured, actual baking tests will be 
mn with a sample of every batch made, just to 
be sure that in the hands of a baker the shortening 
will behave as he will expect it to. 

Again, an alert manufacturer is interested not 
only in his own products, but in those of his 
competitor as well. For this reason he will have 
his quality-control unit follow systematically the 
products of his competitors. Such a study may 
serve two purposes. If the competitive product is 
better in some respect, the necessity for improving 
his own product in that direction becomes appar- 
ent. If the competitive product is poorer, a 
potential “talking point” has been uncovered for 
his sales department. 

Complaints, improperly handled, almost in- 
variably lose a customer. Properly dealt with they 
may not only hold him, but may even build sub- 
stantial good will. As a result, one of the impor- 
tant problems of a products service department 
is the efficient handling of complaints. We have 
already touched on the fact that it is not enough 
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just to deny that our product was at fault; k is 
necessary, in addition, to locate the real cause 
and explain to the customer’s satisfaction that 
the complaint against us was unjustified. Un- 
fortunately, however, even in the best of manu- 
facturing concerns, complaints may sometimes 
be justified and when they are it is up to the 
products service department to analyze their 
cause and to see to it that the unfavorable con- 
ditions that were responsible are corrected. A 
complaint is often a straw showing which way 
the wind is blowing, and every one is deserving of 
intelligent attention. 

Because of the background that contact with 
the trade gives and the knowledge of performance 
that comes from constant usage study of products, 
several other opportunities for a products service 
department become apparent. We have already 
hinted at the fact that tiiis work may be of direct 
help in sales and advertising. This is tme because 
the products service department is in the position 
of knowing not only the customer’s needs, but 
the capacity of our products and our competitors’ 
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products to meet those needs. For this reason this 
department can develop sales and advertising 
points that might otherwise be missed. Of course, 
in this enlightened day and age, there are a good 
many sales and advertising points which, we are 
happy to say, the chemist had no hand in develop- 
ing. Even in connection with these, however, he 
may be of some use, for if a competing company 
has made some outlandish claims for its product, 
our chemists, knowing what the product will 
really do, can sometimes develop effective refuta- 
tion. Thus suitable information can be given to 
salesmen to aid them in helping their customers 
see the fallacies of the statements that competitors 
may be making. 

Our own advertising copy can also be advan- 
tageously reviewed by the products service depart- 
ment for several reasons. 

1. Technical inaccuracies may be caught and 
called to the attention of the advertising depart- 
ment so that they can keep their stories in line 
with the facts. Of course, as suggested before, 
there are some advertising departments that do 


not appreciate help of this sort. Some of them 
seem to prefer to take the point of view that when 
the virtues extolled by the printed page far exceed 
the performance of the product in question, it is 
not the advertising that is at fault at all. They 
prefer to argue that the advertising is really 
splendid, that the merchandise is at fault because 
it will not do the things the advertising says it 
will. However, advertising departments these 
days are, for the most part, quite willing to enlist 
the chemist’s aid in faa finding. 

2. Statements which may be irritating to our 
customers may be avoided. For example, a com- 
pany selling soaps to both housewives and 
laundries should not let its household advertising 
be of sucli a nature as to reflect on the quality of 
work done by the commercial laundry, for if it 
does that company’s commercial-laundry cus- 
tomers will let themselves be heard from with 
vim, vigor, and diminution of orders. Of course, 
the sales and advertising people themselves are 
watching this point, but the familiarity the 
products service department gains with the 
customer’s point of view often enables this 
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department to sense difficulties that others might 
overlook. 

Our own and competitive advertising are not 
the only forms of printed material we must 
watch. Outside agencies occasionally make state- 
ments which have a bearing on our business and 
which need correcting if they are inaccurate. 

There is the case of the learned (?) health 
authority (?!) who used the columns of a metro- 
politan daily paper to warn people that a plague 
of goiters was just around the corner. He based 
this alarming prophecy on the following line of 
reasoning : (1) Goiter is likely to result if the diet 
is deficient in iodine. (2) Hydrogenated shorten- 
ings, which are being consumed in large quanti- 
ties, are made from oil, the hydrogenation of 
which has resulted in a lowering of the iodine 
value. (3) Certainly the wide use of an oil or fat 
that had had its iodine value reduced would bring 
on an increasing number of cases of goiter, if not 
a positive epidemic. 

In case the foregoing should by any chance be 
read by anyone who is not somewhat conversant 
with chemistry, let us hasten to explain that the 
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iodine value of a fat has nothing to do with the 
amount of iodine it may or may not contain. 
As a matter of fact, fats or oils do not contain 
iodine. The iodine value is an analytical measure 
of certain characteristics of the oil, a fact which 
is familiar to thousands of students who have 
taken chemistry in college but about which the 
pseudo health expert had never heard. 

An equally sensible theory concerning the 
digestibility of edible fats was once expounded 
in a book that had a wide sale. According to this 
book certain fats, when used for deep frying, 
become indigestible because portions of the fat 
boil off, leaving behind them other portions that 
have a boiling point too high to permit them to 
boil away. In the course of time so much bf this 
high'boiling'point fat accumulates in this way 
that the frying fat becomes terribly indigesti- 
ble. The chief trouble with this story is that it is 
untrue. As anyone knows who really knows any- 
thing at all about the fats /used for deep frying, 
such fats do not boil at all; hence the idea that a 
portion of them boils away becomes recognizable 
as sheer nonsense. 
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Other forms of help that a products service 
department can give to the sales and advertising 
departments include : 

1. Writing instructions for the use of products. 

2. Conducting correspondence with customers, 
with allied trade groups, and with various 
technical groups along lines that help distribute 
general information about products. 

3. Preparing convention displays of a more or 
less technical nature. 

4. Giving talks before trade conventions and 
technical society meetings. 

5. Preparing bulletins and booklets of a pub- 
licity or advertising nature. These may be highly 
technical, directed at scientifically minded readers, 
or they may be so written as to be informative 
to the layman. 

6. Conducting schools for salesmen, to inform 
them about the desirable qualities of the products 
they sell and to give them information concerning 
the uses of the products. 

Another use for a products service department 
arises when the research department develops an 
improvement in one of the company’s products or 



when some outside agency, either an inventive 
individual or an industrial concern, offers the 
company some new product to manufacture and 
sell. In such cases the products service department 
is in a good position to evaluate the improvement 
or the new product in terms of how it will appeal 
to customers and to help to decide whether to 
adopt it or reject it. 

If you have begun to wonder at this point 
whether we are still talking about a chemist we 
might ask in reply, “Why not?” Is there any 
reason why these various jobs that deal with 
facts about things should not be handled by a 
man who has spent time training himself in 
learning to evaluate facts and in making a study 
of what these things really are, how they behave, 
and how they can be made to behave differently 
if necessary? Is there any reason why the chemist 
should pass his findings out through the laboratory 
door and let someone on the outside interpret 
them? Can he not go along with his facts and 
bring the benefit of his familiarity with them to 
their ultimate application? 
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Chemistry need not be a chain holding a man 
in a laboratory where he works out answers for 
Tom, Dick, and Harry on the outside to take 
and make use of. Chemistry should be a tool 
which a man uses as a supplement to other capa- 
bilities and which thus enables him to meet Tom, 
Dick, and Harry, in any corner of industry or 
commerce, and help all three of them to do a better 
job than they had been able to do before the tool 
of chemistry was brought to their attention. 


Chapter V 

THE KIND OF CHEMISTS INDUSTRY 
WANTS 

We’re a hopeful group of studcncs setting out to find 
some jobs. 

We want to be chemists. 

Bum! Bum! 

We want to be chemists 

We would like to have our money come in gobs ’n’ gobs 
’n’ gobs — 

If that happens to chemists. 

Bum! Bum! 

If that happens to chemists. 

There are some of us who made the highest grades in all 
the class, 

And some of us were happy if we managed just to pass. 

But bright or dumb, commercially we’re all as green as 
grass, 

But we want to be chemists. 

Bum! Bum! 

We want to be chemists. 

It would be much easier to discuss what kind 
of chemists industry wants if we were sure at this 
point that we all agreed on the answer to the 
major question propounded in our first chapter, 
namely, What is a chemist? But I don’t suppose 
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all of us ever will think exactly the same about that 
question. Some people, as we have suggested be- 
fore, see a tired-looking soul who makes umpty- 
ump dozen polarimeter readings a day, more or 
less, in somebody’s beet-sugar factory and they 
speak of him as being not just that faaory’s 
“chemist,” but perhaps its “chief chemist.” 

Other people will know a somewhat frowsy 
being who shows unmistakable signs of being 
not altogether housebroken socially, and, because 
in his waking hours he is a denizen of some dis- 
ordered laboratory, they classify him in their 
minds as a chemist. 

Neither of these types, however, quite repre- 
sents the person we are about to consider. The 
man we propose to discuss here is the one who 
has had a college training in chemistry or chemical 
engineering and who either is about to start to 
work on his first job or else has been out of school 
only a few years, perhaps in commercial work or 
maybe in teaching, and is contemplating a new 
connection in industrial work. 

One way of startfitlg our discussion about the 
kind of chemists industry wants is to consider 
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some of die questions that are asked of candidates 
by those men who do the scouting work for large 
employers. Whether or not such “scouts” know 
what they are doing may still be an open question, 
but the fact remains that when they sniff around 
a college class of twenty or more individuals and 
pick out the two or three they think are best 
suited to the needs of their particular organiza- 
tions, they do their picking largely on the kind of 
answers they get to their questioning. 

Oddly enough these men, who come to our 
educational institutions announcing that they are 
interested in hiring some chemists, are not, as a 
matter of fact, looking for chemists at all. 
Rather they are looking for a type of man. To 
be sure, they want the men they seek to have a 
chemical or a chemical engineering training, but, 
more important, they want him to be the right 
sort of an individual. They want him not only 
to be capable of doing the job they have in mind 
for him to start on, but they want him to be able 
to keep growing to meet additional responsibili- 
ties as they come his way. If possible, they want 
him to be the kind of person who will never find 
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himself against a stone wall, so far as promotions 
are concerned, either because of lack of capacity 
or because of some personal shortcoming. This 
being the object of their search, what sort of 
questions do they put to him? 

One of the first and most important things 
they ask is, “What kind of a student have you 
been?” or “What sort of a scholastic record 
have you made?” They believe they want a 
high type of intelligence and they think that 
ordinarily a man with such intelligence will have 
made a good scholastic record. If the student can 
answer that he has made mostly A’s and B’s with 
maybe only an occasional G, that is a good 
sign. If he can say he was in the top 5 or 10 per 
cent of his class, that is a healthy indication. If 
he has been able to rate No. 1 in his class, that 
registers mighty heavily in his favor. If he was 
only average, he is still not out of the running, of 
course, but he is going to have to show some other 
highly desirable characteristics to compensate for 
his lack of scholastic leadership. And if his grades 
averaged below C, well, he may, in later life, 
develop to be the Pud’n’head Jones whose career 
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is sometimes cited as proof that the boys who are 
dumbbells in school succeed in a bigger way and 
go further when they get out into the world than 
do the bright boys, but he is going to have a 
tough time getting a good connection with a 
large and progressive organization to start with. 
Brains count. There is no doubt of it, and the 
best way industry has of finding out whether the 
prospective candidate for a job has them is by his 
scholastic record. 

Somebody is probably wondering by this time 
why the student is asked about this. Why are not 
his professors questioned concerning him, or, 
better yet, why is not a record of his grades looked 
up? No doubt, if the mere facts were all one 
wanted to know, that would be the way to get 
them and, of course, the professors will be asked 
for their opinions and the records may be reviewed. 
But by asking the student himself two things are 
accomplished. 

First, the facts about his scholastic standing are 
brought to light fairly accurately. Only very rarely 
will a man overstate his attainments on such an 
occasion. In faa, there is usually more trouble in 

86 


getting a fair answer to this question because of 
the modesty of the student than because of any 
tendency on his part to overrate himself. 

Second, some insight is gained into the student’s 
personal characteristics. The question, directly 
put, is not an easy one to answer, and the inter- 
viewer has an opportunity to see how the man 
being interviewed meets an unusual situation. 

There are many different reactions to the ques- 
tion. Those individuals who are less keen do not 
see what the questioner is driving at. They just 
look blank, become confused, and their answers 
come in a stumbling fashion. Those who are 
quick to sense what is wanted are faced with the 
problem of telling how good they are without 
appearing obnoxiously “cocky” or of outlining 
what their shortcomings have been in a manner 
that will not make them lose out entirely. The 
candidate’s response to either situation is quite 
likely to give some interesting insight into his 
characteristics. 

Another question is likely to be something 
along this line. “What did you do around school 
besides get your lessons?” The answer the inter- 


viewer hopes to get is that the candidate was a 
class officer or one of the editors of the school 
annual or a member of the football team or an 
active participant in the dramatic club or the 
glee club or anything that shows he lived the life 
of the school. Industry wants men who are 
interested in their environment, who want to do 
things with their fellows, who are alive to what 
is going on about them. It does not want the 
ingrown soul who craves seclusion and who can- 
not put himself into the life of which he is a part. 

If the answer to this question can be that the 
candidate was president of this or captain of that 
or business manager of the other, so much the 
better, for, while those jobs sometimes go to the 
man who is willing to be a party to questionable 
campus politics, they more often go to the man 
who has a natural capacity for leadership and 
that, of course, is another faculty which industry 
wants. 

Sometimes the answer to the question is, “I had 
to earn money and had no time for anything but 
that and my lessons.” This is not a very good 
excuse. It is usually possible to earn money and 

88 


to take at least some part in the aaivities of the 
school. 

It sometimes happens that a professor overhears 
this question and interjects a remark to the effect 
that he works his students so hard in his depart- 
ment or in his classes that they have no time for 
anything else but their studies; and he rather preens 
himself as he says it. Well, those gentlemen may 
be developing their students to be well-informed 
chemists or chemical engineers, but they are not 
helping, by such a point of view, to develop their 
students into what industry wants in the way of 
men. No doubt many of their students are suc- 
ceeding, but it is probably in spite of the grind 
they have been through, not because of it. Of 
course, anyone who knows anything about the 
requirements of a training in chemistry knows 
that plenty of hard work is required, and no one 
expects such a course to smack of supervised play. 
On the ocher hand, however, it would seem that 
industrial chemistry can be administered to 
students in such a way that they can “live” and 
learn at the same time. 




Another question often asked is, “What have 
you done during your vacations while you have 
been coming along through school?” All too often 
the candidate hangs his head and mumbles in 
shame that he never had a job of a chemical 
nature, and then stops as if that were the answer 
to the question. But it is not— far from it. No 
one cares much whether a recent graduate ever 
had a job of a chemical nature. He is not being 
hired as an experienced man and what little he 
could learn of chemical practice during the few 
summers he has had to get experience would not 
be worth such a great deal anyhow. The most 
important thing is, did he work? Gf course, there 
are other things he could do that would help 
round out his background. Travel, for example, 
is worth while, but the interviewer would feel 
surer that the man had learned about working if 
he had worked his way on his travels. 

Sometimes the reply has to be diat the candi- 
date went home and helped on the farm. That is 
not a bad answer. He did not learn much about 
chemical equipment, but he had to keep the 
mowing madiine in shape and the traaor going. 
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and, after a few summers at that, he at least will 
not shy at a monkey wrench or require a special 
set of mimeographed instmctions to prompt him 
to fix a piece of equipment if it happens to go 
wrong. 

Sometimes a boy has sold books or aluminum 
ware or something else. If he did, he learned how 
to meet people, he learned to judge how they 
were going to react under certain conditions, and 
he learned how to treat them so that they would 
react favorably to what he was presenting to 
them. That is a kind of training that chemists, 
as a class, probably need as much as any other 
single sort of experience. The folks these chemists- 
in-training are going to work with later are very 
much the same sort of souls the boys would meet 
in summer selling, and what the young men learn 
in dealing with these people is going to stand 
them in good stead the rest of their lives. 

The more varied the experience a student can 
get during those precious summers the better, but 
let it never worry anyone that during his summer 
vacations he did not happen to be able to get a 
chemical job. 
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And now for a question which is not ordinarily- 
asked of a candidate but the answer to which 
usually has almost as much to do with the young 
chemist’s success in a large organization as any 
other single thing: Can you express yourself 
readily, especially in writing? 

If the truthful answer to that question is not 
“Yes,” the aspiring young gentleman under con- 
sideration had better dig in with all his might and 
main and get himself in such shape that the answer 
does not have to be “No.” Straight thinking is 
probably the most essential single thing in one’s 
bag of tricks, but the ability to express oneself 
well comes a mighty close second. 

Perhaps there are some people who are not going 
to accept this thought right away, but let us call 
to their attention the following points : Practically 
from the beginning of his industrial career the 
chemist is going to be writing reports and letters 
concerning his work. He will be trying to explain 
what he did, why he did it, and what results he 
got. He will be undertaking to marshal his facts 
in such a way that readers will be led to the same 
conclusion he has reached. Now he will come in 
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contact with relatively few people if he joins a 
large organization, and his immediate boss will 
be the only one he can impress with how good he 
really is (assuming, for the moment, that he is 
good). But his reports and letters lead a different 
life. They go through his boss’s hands to others 
above him, and, if a man’s report is a really good 
one on an important subject, it will fall into the 
hands of people whom he personally has little or 
no opportunity to see (or rhore important, to be 
seen by). Well-written reports mean circulating 
good impressions of the writer. Poorly written 
ones either do not get far enough to circulate any 
impressions or, if they do, they circulate poor 
ones, and, you know, if you can’t be the boss’s 
son or marry his daughter, it’s up to you to get 
favorable attention by inducing people to think 
well of you. 

When we started discussing this particular 
question we mentioned the fact that it was one 
that is not generally asked of the student himself. 
The reason is that usually it would be a foregone 
conclusion that he would answer “Yes,” whereas, 
in truth and in fact, as the lawyers say, that is the 



wrong answer in many cases. And, strangely 
enough, die question of the man’s honesty has 
nothing to do with the matter. For some strange 
reason most people appear to be under the impres- 
sion that what diey write is pretty good whether 
it aaually is or not. 

Of course, the background for a good report 
is good work and without it there can be no good 
report. But at the risk of being boresome, or even 
irritating, let us urge once more that every ambi- 
tious embryonic chemist should be sure to train 
himself so that, if he does a good job, he can tell 
about it well. 

So much for the questions; here are a few 
additional points. ^ 

While we are on the subject of making favor- 
able impressions, we might say a word or two 
about the matter of personal appearance, delicate 
though the subject may be. What we intend to 
say about it you have no doubt guessed already — 
it is obvious. A neat appearance is an asset. Dirty 
fingernails, a couple of days’ growth of beard, a 
shock of hair that needed cutting two weeks ago 
and still does, all are liabilities. Many an honest 
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heart may beat beneath a ragged vest, but every- 
body would feel betta about it if the vest were 
not ragged. 

Curiously enough, while all the foregoing is 
recognized and understood by practically every- 
one, there are many who seem to feel that for the 
technical man it does not quite apply. They appar- 
ently think the rules are suspended as far as he is 
concerned, and there is, in some quarters, even a 
rather well-defined impression that he has to look 
a bit grubby to prove he is the stuff of which 
technical men are made. One employer once 
refused to hire a student recommended to him by 
a certain professor because the student looked 
dirty and uncouth, all of which led the good 
professor to inquire whether industry expected 
him to run a beauty parlor along with his course 
in chemistry. People may let themselves look 
grubby for either one of two reasons. It may be 
that they do not know any better and that they 
will learn to polish themselves up a little more 
thoroughly later on. Or it may be that they just 
don’t give a hoot. If it is the former, one might 
put up with them until they learned better. But if 

95 


it is the latter, there is not much hope, and the 
man who is interviewing prospects cannot always 
he sure which kind he is dealing with. A clean 
face and a neat appearance will relieve the inter' 
viewer of the necessity of wondering. The 
chemist'tO'be can make up his mind to one 
thing. If he is going to insist on indulging himself 
in the joys of being unkempt and seedy-looking, 
it is probably going to cost him money. Maybe 
he can afford it, but certainly he should under- 
stand that it is a luxury. 

Since it is men that industry wants, rather 
than merely chemists, someone is probably 
wondering why character references are not the 
first thing investigated. Well, sooner or later they 
are considered, but as a matter of fact that side 
of the question takes care of itself almost auto- 
matically. In the first place, the men in the schools 
where chemists are trained are usually men of 
character themselves, and it is very doubtful 
whether an instructor would let a man who was 
not all right go to an employer without giving 
the employer the facts about him. In the second 
place, men who go In for a scientific training 
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apparently are the kind whose characters, for the 
most part, are made of fairly sound stuff. What- 
ever the reason may be, the fact remains that 
among the technically trained men who have 
come under the writer’s observation, those who 
were not of good character have been few and far 
between. Understand, the words “chemist” and 
“angel” are hot synonymous, but the moral fiber 
of the technically trained as a class seems to be 
pretty good. 

A while ago we mentioned the advantages of 
work during summer vacations as a partial training 
for industrial work. What other forms of prepara- 
tion are helpful? 

A certain amount of experience as a teacher 
seems to make for success. It is valuable for two 
reasons. First, as is well known though not always 
admitted, a teacher usually learns more from a 
course than the students. At least, by the time a 
course has been taught a number of times, the 
one teaching it usually has the subject matter 
pretty well in hand. In this way teaching experi- 
ence grinds the facts of chemistry into the mind 
in a way that simply taking the courses cannot 
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do. Second, the scientist knows, or comes to 
know in the course of time, a lot of facts of a 
more or less technical nature, which other people 
in the organization in which he works do not 
know hut which they should learn. The teacher 
is accustomed to getting ideas across to people 
who are not familiar with what he is telling them. 
He knows how to start at the proper level of 
understanding so his hearers will be with him, 
and then how to build up his thought structure 
in a logical and understandable way. To indus- 
trial work he brings this same ability to make his 
points clear. 

On the other hand, too much teaching some- 
times develops a frame of mind that takes for 
granted that the party of the first part is to be 
accepted as the final authority on all occasions 
and — ^well, you know how some of them get. 
That would be fatal in industry. 

What course of study should the man preparing 
for an industrial career have had? Ah, many wise 
men have asked each other that question and 
then held learned conferences trying to decide on 
what the answer was. Fools may rush in where 

pS 


angels fear to tread, but the writer of these words 
is not going to undertake to answer the question. 
He will, however, offer a few comments. 

Obviously the fundamental courses of inor- 
ganic, organic, analytical, and physical chemistry, 
together with a thorough course in physics, are 
the foundation on which to build. The elementary 
courses in these subjects should be supplemented 
with advanced and more thorough courses in 
each of these fields. But what more? 

Some knowledge of biological chemistry and 
bacteriology might well be included as a valuable 
part of the training program. 

We have already pointed out the important 
role which the ability to express oneself plays in 
a person’s progress. We have called attention to 
the fact that one is reporting on his work con- 
stantly, either orally or in writing, from the day 
he starts his job to the day he is fired, or, more 
happily, to the day he retires. Too often there is 
not enough attention paid to this phase of a 
student’s training. 

What about mathematics? How much of that 
ought one have? Well, there is another contro- 
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versial subject. Anyone who expresses himself 
very strongly on the matter is sticking his chin 
out, and that is always dangerous. But again, 
some observations may not be out of order. 
Personally, I have yet to meet, in industrial work, 
and I include here the fundamental research neces- 
sary in connection with industrial work, more 
than a handful of men who ever had any occasion 
to use calculus — and I suspect one or two of those 
who did use it did so for the very profound effect 
it was supposed to have on the men who saw 
them spreading integration signs around. The 
fact that it is used so infrequently might lead 
some people to feel it is an unnecessary subject. 
Such a conclusion, however, would seem question- 
able for it does have its definite place, but it should 
not be emphasized out of proportion to its impor- 
tance. As between learning to write and learning 
to integrate, the former is definitely the more 
useful. 

What about engineering training for the indus- 
trial chemist? In other words, shall the student 
contemplating a future in industry study chemistry 
or chemical engineering? That is another widely 
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debated question and the subject of pretty lively 
controversy between the chemistry and engineer- 
ing departments of every educational institution 
large enough to harbor both factions. The partici- 
pants in discussions of the subject are usually too 
gentlemanly to say what they really think, but, 
comrades, how they think! 

Once upon a time I tried to get some reliable 
information on the subject by going to one of the 
largest universities in the country and asking the 
head of the chemistry department how the training 
he gave his men differed from that given by the 
department of chemical engineering. He ex- 
plained that he taught his men chemistry. They 
knew the fundamental facts. They understood 
the controlling conditions. They were equipped 
to do the thinking for industry. The chemical 
engineers, on the other hand; were simply taught 
the mechanics of handling chemical materials. 
They could run the pumps and stills and filter 
presses and whatnots under instructions from the 
chemists. 

Then 1 went to the head of the department of 
chemical engineering at the same institution and 
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asked him how the training he gave his men dif- 
fered from that given by the department of 
chemistry. His answer was very simple. “We 
teach our men all the chemistry they give students 
over in the chemistry department, and in addition 
we teach them how to get things done.” It was 
all on a very high plane, you understand, but it 
rather discourages one from making further 
studies into the subject. As a matter of fact, one 
of the most capable indxxstrial chemists 1 have 
ever seen in action was trained as an “agricultural 
chemist.” 

Probably the interest and aptitude of the indi- 
vidual will have more to do with his fimess for 
one line of work or another than the training 
which is given him. Some men enjoy working 
with machinery— actually operating it, taking it 
apart, improving it. Such men make good plant 
development chemists whether they have an 
engineering training or not. Other men have an 
aversion to machinery. While they may under- 
stand how it works, it bores them actually to 
have to work it. All the engineering training in 
the world would not make them jSrst-class plant 
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development men. Usually men of the first type 
are attracted to courses in chemical engineering, 
but if they happen to take chemistry instead they 
are still good men for plant development work. 
Fortunately the field of industrial chemistry is 
broad enough to offer a place for individuals of 
both types. 

What of graduate work? Beneficial? Indispem 
sable? 

In university circles there is practically only 
one answer to the question of the value of gradu- 
ate work that is considered sound. The keener and 
more alert student is advised by his teachers to 
take additional work by all means. In fact, there 
are university professors who become almost 
savage toward an employer who comes within 
their halls, seeking to hire the exceptionally bright 
student when he has taken only his bachelor’s 
degree. It is wrong, according to them, because 
such a student should go on for his Ph.D. 

If all that industry wanted of men with 
chemical training was investigational work diese 
professors would have much excellent argument 
on their side. But, as we have seen in previous 
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chapters, that is not all industry does want. 
Consequently we cannot agree with them entirely. 
There is something to be said on both sides of the 
question. 

The graduate student frequently devotes part of 
his time to teaching while progressing with his 
graduate studies and in this way he gains for him- 
self the advantages that were pointed out in our 
previous discussion of teaching. On the other 
hand, the student who does not stay for graduate 
work gets a head start in becoming familiar 
with the work of the industry in which he is to 
launch out and a head start in working with the 
people with whom he is eventually to be associ- 
ated. He will have gained a certain number of 
years of seniority. 

Again, the additional training which graduate 
work gives, particularly the practice gained in 
attacking investigational work, makes for re- 
sourcefulness, develops the imagination, and 
tends to remove the “lost” feeling that sometimes 
overwhelms the beginner on his first job of facing 
unknown conditions and of having to bring an 
answer out of the darkness into the light. But 
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against that, the point may be made that indus- 
try, too, offers plenty of practice in attacking 
investigational problems, and its problems, usually 
being practical ones of immediate interest, often 
seem more stimulating than those offered the 
advanced worker in a university. , 

A further advantage in remaining in school for 
graduate work is that it enables the student to 
enjoy much more intimate contact with the 
older and more experienced members of the 
faculty than the undergraduate student is able 
to have, and there is no denying that much is 
gained through diis closer association with the 
men who are devoting their lives to the funda- 
mentals of their science. But industry too has its 
“teachers,” who can and do do much in broaden- 
ing the knowledge of the “apprentice” investi- 
gators who come within the circle of their 
influence. 

It can be cited, and sometimes is, by heads of 
chemistry departments that a larger percentage 
of their Ph.D. men succeed than of their M.S. 
men, and that a greater proportion of diese, in 
turn, do well than of the bachelor-degree men. 
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However, this is not fair evidence on the case, and 
it certainly is not scientific evidence. Of course, 
more graduate-degree men succeed proportion- 
ately. They were only allowed to stay on for 
graduate work because they represented the more 
promising portion of their class. 

Perhaps we can roxmd out this discussion with 
the observation that in no field of industrial work 
is graduate training absolutely necessary, and the 
student who will force himself, at the expense of 
health or even disposition, to endure several 
years of what to him is drudgery, just to end up by 
being one day dubbed “Doctor,” is making a 
mistake. If he is continuing his graduate study 
because somebody has told him he ought to, in- 
stead of because of his own keen interest in it, 
then for him it is probably not worth continuing. 
And as for the “Doctor,” the chances are that he 
will be reduced to the dead level of “Doc” anyhow 
when he gets out, because that is the convenient 
handle put on most chemists by their nontechnical 
coworkers in industry, whether they have actually 
had graduate work or whether they are just plain 
beaker boys who never even went to college. 
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On the other hand, if a student taking his 
bachelor’s degree has a genuine interest in further 
study and has a chance to go on for advanced 
work, he certainly will make no mistake in taking 
advantage of the opportunity. But, let us repeat, 
he should have a genuine interest in continuing, 
not a forced one. 

One man in industry who had achieved at least 
some degree of success in his field summed up a 
discussion on the subject of graduate work about 
as follows: “I chose to remain in school for 
graduate work till I had satisfied the requirements 
for a Ph.D. and I am glad I did. On the other 
hand, I work for a chemist who did not take a 
Ph.D., and he works for a chemist who did not 
take a Ph.D., and he works for a man who didn’t 
even go to college.” All of which probably is some 
indication as to whether graduate work is essential 
to the success of a chemist in industry. 



Chapter VI 

THE KIND OF INDUSTRIES CHEMISTS 
WANT 

We’re an assorted bunch of industries that make this 
country’s wealth. 

We hire chemists. 

Bum! Bum! 

We hire chemists. 

And, sometimes, when they fail to help our economic 
health, 

We fire chemists. 

Bum! Bum! 

We fire chemists. 

Now some of us need the chemists’ aid in a serious, vital 
way, 

Others might do without them, but we’re pretty sure 
they pay, 

While some of us simply keep them, but just why we 
couldn’t say. 

But we have chemists. 

Bum! Bum! 

We hire chemists. 

When years of business depression hit the coun- 
try it is probably quite out of order to raise any 
question as to what kind of industries chemists 
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want to work for. By and large the answer to the 
question, at such times, has to be, “Any kind that 
will have us.” Consequently in such periods some 
of us lay our chemical training on the shelf, for the 
time being, and go to driving taxicabs or selling 
sandwiches as expedient, if not particularly lucra- 
tive or inspiring, occupations. However, better 
times always seem to come again when we have 
some choice as to what we shall do. Conse- 
quently we venture to put in a few words con- 
cerning the factors to be considered in making a 
choice. 

Before we can intelligently discuss the subject 
of the relative merits of various industries, how- 
ever, we have to decide just what we want the 
industry that employs us to do for us. 

As a starting minimum, of course, we want it to 
pay us a living wage, but actually almost any 
industry, if it will have us at ail, will do that; 
so suppose we take that much for granted and go 
on to say that we want it to hold out an oppor- 
tunity for a good deal more than a living wage. 

We want it to offer a “saving wage,” which 
means not only enough to live on, but enough to 


enable US to enjoy some of the worth-while things 
life has to offer and, in addition, enough to permit 
us to lay by a proper surplus. We think we would 
like to receive this surplus over our actual needs so 
that we can put some of it away and one day have 
a supply of money in addition to our salary com- 
ing into our coffers. 

Finally, it is probable that most of us look forward 
to the day when we shall have saved enough so 
that we shall be able to be more or less independent 
of our salaries. Not, mind you, that, having 
achieved such independence, we shall want to stop 
working. We realize that only by keeping reason- 
ably active can we actually remain contented and 
we recognize that some of the hardest working 
men many of us know are ones who work from 
choice, not necessity. But understanding all that, 
we still think, many of us at least, that it is going 
to be a soul-satisfying experience to see our inde- 
pendent income grow to a point where we can get 
along without Our salaries if necessary. 

In addition to a“saving” income, we want to 
feel reasonably sure of a continuance of our job, 
a^uming, of course, that we do acceptable work 
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on it. We do not like a situation such that a whim 
of some official or heavy stockholder may result 
in all chemical division activity being suddenly 
suspended, with the resultant calamity of our 
being thrown out of our jobs. We want to feel that 
chemical help is sufficiently vital to our employer 
to make him hesitate about discontinuing it, or 
even curtailing it too drastically. 

Now we come to a point which many people 
will say should have been the first and foremost of 
all, and perhaps it should, though to some of the 
rest of us it would not begin to register in impor- 
tance until the points previously mentioned were 
properly covered. We refer to having interesting 
and stimulating work in congenial surroundings. 
This point is, of course, of tremendous importance, 
but the reason for not putting it first is that almost 
any work becomes interesting and stimulating if 
we throw ourselves into it and if we realize that it 
is getting us somewhere. 

But what does it mean to be “getting some- 
where”? Well, as we said before, we want to be 
gaming financially, and that is part of it. But 
we also want to be growing in the esteem of our 
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coworkers and our superiors. The niche which we 
occupy in industry may be a minor or inconspicu- 
ous one, but we do want those of our fellow men 
with whom we come in contact to respect what 
we know about our little segment of the world’s 
work and to think well of the way we handle our 
job. (All of which, of course, assumes that we are 
doing a good piece of work in our field.) 

Speaking of esteem and our relative place in the 
general scheme of things, it may be of interest to 
refer to an experience that a certain man once 
had when calling on a large industrial concern 
where he wanted to discuss a technical problem 
with the company’s chief chemist. As one would 
do in such a case, he went to the main office and 
announced that he would like to see Dr. Blank. 
The lady at the reception desk eyed him with 
suspicion. “What are you selling?’’ she asked. In 
simple words of not over one or two syllables he 
informed her that he had nothing to sell, that he 
was connected with an industry wholly unrelated 
to the one on which he was calling, and that all he 
wanted was to discuss a technical matter with Dr. 
Blank. By this time she seemed to be of the opinion 
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that he was either vidotis or crazy. Apparently 
visitors to see the doctor were not an everyday oc- 
currence. “I don’t think you can see him,” she 
finally said, “111 let you talk to a Mr, So-and-so.” 
You can leave out the “Mr.” as you read that 
sentence and you will have a pretty good under- 
standing of the gentleman to whom she referred 
him. Mr. So-and-so was a portly, pompous person 
and an officer in the company. Once more the man 
told his story of having nothing for sale and of 
wanting to discuss a technical matter with the 
company’s chief chemist. Then came a remark 
which probably should be regarded as a classic. 
Said Mr. So-and-so, “You can’t see him. We 
keep our chemists in their place,” So the man had 
to call on Dr. Blank at his home that evening. 

Unpleasant as this story is, it does have a happy 
ending, for it can be reported that the concern with 
which Mr. So-and-so was connected has gone into 
bankruptcy . But the point of view that a chemist 
is a person to be kept in his place, and that place a 
minor one, is, unfortunately, one which some in- 
dustries still hold. Of course, it is probably our 
own fault in part, for many of xxs have insisted on 
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regarding our science as sometdiing that we had 
to keep with ourselves in our laboratories. Instead 
of looking upon it as a tool to aid us in any field 
of industry where men find employment, whether 
that field be production, buying, selling, or what- 
not, we have thought of it as an end in itself. But 
there is more to it than that. Industry’s lack of 
regard for the chemist cannot be entirely blamed on 
the chemist himself. For some reason business, in 
most instances at least, gives its better prizes not 
to the chemist who figures out the whys and 
wherefores of things, but to the man who takes 
that information and uses it to run the factory or 
to sell the goods. It may not be fair, but it is a 
fact nevertheless, and it probably will not be cor- 
rected until a larger number of chemists have 
advanced to positions of responsibility and have 
been able to recognize that a great many different 
kinds of jobs can be advantageously filled by men 
with chemical training. 

But we have gotten away from our theme. You 
remember we were discussing what we wanted the 
industry for which we worked to give us, and now 
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that we have covered that, let us see what type of 
business can give it to us. 

The first thing we wanted was a living wage, 
and, since almost any old business can cough up 
that much for us, there is no choice among indus- 
tries from that angle. 

Our second point was the saving wage; any 
successful industry can offer that, too, if it wants 
to. It must, of course, be successful or it cannot 
afford anything beyond the lowest wage, and also 
it takb success to make an industry generous- 
minded. But the “if it wants to” part is important. 
If one is considering joining a company, probably 
the best way to judge how well the organization 
under consideration is likely to take care of him is 
to see what it has done for the employees who have 
preceded him. If they have fared well, it is reason- 
ably certain that he will. 

Speaking of generous-mindedness, some organi- 
zations go so far as to provide pensions for their 
old employees, thus assuring them of eventual 
independence of their earnings, entirely aside from 
whether they save anything else or not. Some 
companies provide a sick benefit relief that tides 
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over the hard periods when illness overtakes the 
employee and makes it impossible for him to 
work. 

When we come to the question of feeling reason- 
ably sure about continued employment we begin to 
get into a real diflFerence in organizations. Qiemis- 
try can be an aid to a great many different kinds of 
industry. In some, where chemical reactions are 
involved in the manufacture of the products, 
chemical aid is indispensable if that industry is to 
function efficiently and keep pace in its develop- 
ment with its competitors. In others, particularly 
those engaged in mechanical manufacture, chem- 
istry is a valuable aid in selecting proper raw 
materials and keeping them up to proper stand- 
ards, but it is not the fundamental part of the 
work. In still other businesses, it Is painful to 
recite, the chief function of the chemist apparently 
Is to give the company’s advertising department 
something to write about. 

Continuity of employment in the first class Is 
relatively certain, because the business just cannot 
go on without chemically trained men. In the 
second class the likelihood of continued activity 
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is good, for chemical aid is of importance and will 
probably not be done away with so long as busi- 
ness remains reasonably good. In the third class the 
permanence of the job is likely to depend on how 
fresh the eggs were that some major-domo had for 
breakfast, a situation that is a gamble, to say the 
least. 

Now as to the “getting somewhere” part of our 
discussion. This divides itself up along very much 
the same lines as the continuity of employment 
did. In an industry that is dependent on chemical 
reactions, the chemist will naturally be more 
highly regarded than in other industries. Often he 
is the man who makes things go, always he is the 
man who knows why they go, who may get the 
aedit when they are made to go right (and who is 
sure to get something else when they go wrong) . 
He is in the eyes and minds of the men who decide 
on promotions and his chances of being well 
regarded are comparatively good. His field for 
development is not confined to chemical work, 
and, if he develops an interest in production or 
sales or buying or accounting, promotion may lie 
ahead of him in any of those fields. 
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In the mechaniGai mdustries where chemistry is 
used, although it may be regarded as a valuable 
and highly respected tool, it does not hold the 
center of the stage. The men there who are making 
the “big decisions” are more likely to be mechan- 
ically trained, not chemically. While such indus- 
tries no doubt offer many excellent opportunities, 
they would seem to rank second to those in which 
chemistry holds the key position. 

And in the third type of industry, where the 
chemist is something to talk about, he is likely 
to be talked about within the organization as well 
as without — and that not particularly to his 
credit. While even in such an organization he can 
do a considerable amount of good if given an 
opportunity, he is regarded as an intruder in most 
directions, his presence is resented by the men for 
whom he could do the most good, and his chances 
of getting to first base are not much above zero. 


Chapter VII 

THE CHEMIST IN WARTIME 

Some create explosives chat ate simply fit to kill. 

But we’re chemists. 

BoomlBoom!* 

We’re still chemists. 

While others hide a foundry, make it seem a verdant hill 
We’re the chemists. 

Boom! Booml 
Always chemists. 

And some make poison gases, others, dehydrated fruit, 

And some seek raw materials that we can substitute 

For those we tised to use before we had to stop to shoot. 

But we’re chemists. 

Boom! Boom! 

We’re all chemists. 

In time of war, the chemist, like other tech- 
nically trained men, is likely really to come into 
his own. Not only are his services needed in direct 
military matters, but his usefulness in many 
varied fields of production becomes greater than 
ever. 

* Regarded as more appropriate for wartime than the 
“Bum! Bum!" of previous chapters. 
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To consider first the direct war effort, we find 
research and development work of the type dis- 
cussed in previous chapters applied to countless 
military problems. In fact, about the only kind 
of chemical activity that is not applied to such 
problems in one way or another is products 
service work. This does not have such an immedi- 
ate bearing on direct war studies, for when we 
are making explosives or poison gases we don’t 
care so much whether the products pltase. the 
customer so long as they T^U him. Similarly the 
customer’s likes and dislikes are of less impor- 
tance in the case of a good many of the other war 
products. Later we shall find that products 
service work does have its important place in the 
wartime economy, but it is not on strictly war- 
time products. 

Among the war problems of the chemist some 
are well known, while others are of such a secret 
nature that only a handful of people even know 
they are being worked on. 

Of the more obvious studies, poison gas and 
protection against poison gas are two that im- 
mediately come to mind. It is tragic to think that 
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groups of intelligent, civilized men have to devote 
their best thinking to problems as fiendish as 
these, but when fiends are loose in the world we 
have to be prepared to meet the situations that 
they may impose upon us, so we try to develop 
the most telling gases we can and at the same time 
we try to work out the most effective defense 
against possible enemy gases. 

Another field of war studies has to do with 
camouflage. Many types of coatings and cover- 
ings are used in this work. The matter of selecting 
the most effective ones, making them available 
where they are needed and when they are needed, 
finding preservatives which will keep them fresh 
looking so they will really “hide,” these and 
many other problems call for solution. 

A third field of study has to do with foods. 
This subject is particularly aitical in the present 
war because the distances over which supplies 
must be transported are so tremendous and the 
conditions tinder which they are to be used are so 
diverse. If you will remember for a moment the 
difference between butter that has just come out 
of the icebox and butter that has stood on the 


kitchen table for some time on a hot summer day, 
you will have an example of the kind of problem 
that comes up when some of our men are fighting 
in the torrid tropics while others are in the icy 
north. The food we send them must be adapted 
to meet the conditions under which they are 
operating, and this presents many problems for 
the chemist — ^problems of formulation, packag- 
ing, and preservation, to mention but a few. 

Synthetic rubber is another field that has given 
chemists a chance to contribute to the war effort. 
This particular subject has been such a plum for 
the politicians, columnists, and publicity seekers 
that we are apt to forget that behind it all a con- 
siderable body of earnest men are learning the 
facts of synthetic rubber and applying them to the 
solution of our badly tangled rubber problem. 

The many new war machines which have been 
developed have brought problems in their wake 
for the chemist. For example, the temperatures 
encountered by a plane at 20,000 feet are quite 
different from those prevalent at lower altitudes. 
Lubricants have to lubricate whether the atmos- 
phere is hot or cold, but you will recall that the 
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lubricant in your car is apt to be quite different 
if the car is ia a warm garage than it is if you park 
it out on the street some cold night. Lubriants 
and shock-absorber liquids have to be found 
which show relatively slight viscosity changes 
with change of temperature. 

The foregoing represent but a few of the types 
of problems that the direct military effort pre- 
sents to the chemist. Numerous others could be 
cited, but in addition to all of these, the chemical 
problems of normal industry also mount many 
fold in wartime. Probably ‘‘normal industry” is 
the wrong expression, for in war no industry is 
normal. What we are really referring to is that 
part of industry which is try ing to supply normal 
civilian requirements. 

Because the necessities of war require the diver- 
sion of immense quantities of materials to the 
war effort and because importation of many raw 
materials ceases when war breaks out, there 
develop acute shortages of raw materials for 
general manufacturing use. 

You will recall that in previous chapters we 
discussed the chemist’s search for new raw 


12S 


materials to make his product better or to make 
it cheaper. In war his search becomes a mad hunt 
for raw materials just to make his product. He 
awakes one morning to find that his iKual raw 
material, which came from the Malay Peninsula or 
the Philippine Islands, has ceased to come. Or he 
may find that a domestic material has become so 
important to the war effort that the government 
says to him, “You can’t have any more.’’ Even 
if his firm was forehanded and laid in a supply 
just in case a shortage might develop, the govern- 
ment may come in and say not only, “You can’t 
have any more,’’ but even, “You can’t keep what 
you already have.” 

Now while practically everyone is willing, and 
even eager, to make whatever contribution he 
can to the war effort, nevertheless the shortage 
of raw materials makes life a touch-and-go affair 
for the chemist in industry. “Here today and gone 
tomorrow” may apply to his raw materials, to 
his packaging supplies, to anything he buys. The 
substitute he finds when he first studies a shortage 
problem may be the commodity that is no longer 
available a week later, so he looks for substitutes 
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for substitutes. He studies alternate supplies with 
a frenzy that makes his prewar search for new 
raw materials look like sheer dawdling. 

It is in evaluating the effects of substitutions 
that the chemist in products service work finds 
his place of usefulness in wartime. His is the 
responsibility of seeing to it that, in spite of the 
raw-material substitutions that have to be made, 
the performance of products remains up to the 
prewar standards or as near to them as substitute 
materials will permit. With the innumerable 
changes that the critical conditions of wartime 
necessitate, the work of making sure that products 
remain of suitable quality becomes a job of con- 
stant vigilance, and the chemist trained in products 
service work is particularly well qualified to 
evaluate the effect of changes and to make sure 
that quality does not suffer. 

This may be a good point at which to inject a 
slightly encouraging note into our discussion. 
While our war studies and the hectic search for 
suitable materials do mean a tremendous amount 
of work, they result in a corresponding increase in 
our learning about the properties of many sub- 


stances. As a result, when peace finally comes and 
our newly accumulated knowledge can be directed 
toward satisfying peacetime wants, we are going 
to have substantial improvements on many of 
the products we buy and in addition we shall 
have a whole host of new products that would 
not have been developed had not necessity spurred 
us on to our feverish war time pitch. 

Before we close our discussion of the chemist 
in war, it would seem worth while to make one 
observation that may be helpful to some. Because 
of the big increase in chemical problems that 
require solution in wartime, the number of posi- 
tions available for chemists increases also. Now, 
while jumping around from job to job has never 
been a very effective way of improving one’s 
professional standing, nevertheless there are always 
some men who have, for one reason or another, 
got themselves into jobs for which they are not 
really very well suited or which do not bring them 
the progress they feel is due them. For such 
persons the inaeased need for chemical help offers 
an opportunity to locate a more congenial or more 
promising connection. This is by no means a 
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suggestion to anyone to make a change without 
giving the matter very serious thought or to leap 
without looking, but it does seem proper to point 
out that, if one feels he should make a change in 
his position, a good time to do it is when there 
are numerous other jobs from which to choose. 

When one reflects a little over the increased 
demands for chemists in wartime, he gets a sort of 
a feeling of satisfaction over his profession that he 
may sometimes miss in normal times. If people 
turn to us when the going is hard and there are 
lots of difficult things to be done, shouldn’t that 
give us jrxst a little “lift”? Somehow it seems 
good to know that the training that has so pa- 
tiently been given chemists can enable them to 
take the wide variety of problems folks need to 
have solved and come up so often with helpful 


answers. 


L’ENVOI 

(whatever that is) 

What is a chemist? Well, here we are right 
back at the begintiing again and we haven’t yet 
set down a definition. We have, however, seen 
some of the diversified lines of work in which the 
chemist can make himself xxseful. We have learned 
something of the characteristics that help make 
him valuable and a little something, alas, of some 
of the qualities that handicap him. What we have 
really seen is that his possibilities for usefulness 
cover so many fields that the task of telling in a 
few words just what he is becomes an impossible 
one. We can, however, conclude with the ob- 
servation that a chemist is more or less a human 
being, though not always behaving like one, who 
is going to come to be welcomed in more and 
more fields of business activity and industry as 
people learn more about him and as he in turn 
learns more about people. 
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